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ABSTRACT 


Ten EREP data passes over the Wyoming test site provided excel- 
lent S-I 9 OA and S-I 9 OB coverage and some useful S-192 imagery* These 
data were employed in an evaluation of the EREP imaging sensors In sev- 
eral earth resources applications* Planned evaluations of the S-I 9 I 
sensor were not completed because of the poor quality of the S-I 9 I data. 

Boysen Reservoir and Hyattville were selected as test areas for 
band-to-band comparison of the S-I 90 and S-192 sensors and for evalua- 
tion of the image data as tools for general geologic mapping. Photo- 
geologic maps compiled from each band of the S-190A photography and 
from the S-i90B photography demonstrate that the spatial resolution of 
the film products is the dominant control governing the utility of the 
photography. 

Contrast measurements were made from the S-192 image data for a 
typical sequence of sedimentary rocks. Histograms compiled from these 
measurements show that near infrared S-192 bands provide the greatest 
amount of contrast between geologic units. This result is attributed 
mostly to the natural “contrast stretching’* which arises from the higher 
reflectance of most rocks in infrared bands. 

Comparison was also made between LANDSAT imagery and S-I 9 OB and 
aerial photography for regional land-use mapping. In this work the Sky- 
lab S-I 9 OB photography was found far superior to the color-composite 
LANDSAT imagery and was almost as effective as the 1 ; 120 , 000 - 5 cale 
aerial photography. The EREP photography was used successfully in a 
number of more specialized geologic applications. Interpretation of 
the EREP photography provided a valuable assist to LANDSAT imagery in 
compiling a complete “linear features" map of Wyoming used in a study 
of regional tectonics. The use of the Skylab data was particularly in- 
strumental in removing the “sun-angle bias" which was introduced from 
the interpretations of LANDSAT imagery. 

A similar map of linear elements prepared from LANDSAT and EREP 
imagery of the southwestern Bighorn Mountains provided an important aid 
in defining the relationship between fracture and groundwater movement 
throug h the Mad i son aqu i f er . 

The Skylab S-190A and S-I 90 B photography was found very useful in 
mapping of land-forms and vegetation. The Skylab photography Is now 
being used as a mapping base for comp i 1 at ion of regional land-forms, 
vegetation, and land-use maps of the entire Powder River Basin. 

Computer analyses of Skylab S-192 data were used as a quantitative 
test of the relative contrast values measured from S-192 imagery. These 
measurements confirm the conclusion that the near Infrared bands provide 
the highest reflectance contrast between lithologic units. 0_-mode pat- 
tern recognition was also found promising for enhancement of certain 
lithologic and vegetative contrasts. 



Color composite LANDSAT mosaic of Wyoming showing the major physiographic and geomorphic 
provinces. 


PREFACE 


The Wyoming EREP investigation represents the second half of a 
comprehensive evaluation of earth resources satellite data for a variety 
of earth resource appi ications, including geology, hydrology, land-use, 
and range management. The Initial portion of the study (funded under 
contract NAS 5*21799) comprised an evaluation of the LANDSAT satellite 
data and was completed in January, 1975. This final portion of this 
study comprises an evaluation of its EREP S-190 and S-192 data and a 
comparison of the Skylab data with LANDSAT imagery and high-altitude 
aerial photography. 

Early success with some earth resources applications of the Skylab 
data have already precipitated operational applications of the data to 
resource problems. However, the major value of the Skylab EREP sensors 
may be the comparative determinations which offer insight into essential 
parameters required of an operational earth resources satellite program. 
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INTRODUCTION AND OBJECTIVES 

Sky lab sensor coverage was obtained over the Wyoming test site on 
each of the three manned Skylab missions. The S-19QA cameras obtained 
useful coverage over almost 70 per cent of Wyoming (Fig. 1) and the 
high-resolution S-I 9 OB cameras obtained coverage for correspondingly 
smaller strips (limited by the 59-nautlcal-mi le swath width of the 
S-I 9 OB cameras). Stereographic coverage was obtained from the 
S-I 9 OA and S-I 9 OB cameras on most of the successful data passes. S-I 9 I 
and S -192 data were obtained only on a few selected passes (Table 1). 
These data were used by University of Wyoming investigators in an 
evaluation of the EREP sensors for a number of earth resources applica 
tions in several test areas. The three main objectives of this work 
were: 

1. To evaluate the S-I 90 , S-131 and S-19^ sensors as tools for 
resource inventory and management. 

2. To compare the Skylab data to the LANDSAT imagery and high- 
altitude aerial photography as applied to resource problems. 

3 . To determine essential parameters that limit or enhance the 
relative utility of the different sensors and sensor systems. 

In all applications, emphasis was placed upon the simplest and 
least expensive of techniques so that the procedures defined might be 
more readily transferred to the user community. 

PERSONNEL 

The EREP research program at the University of Wyoming was sup- 
ported by personnel representing several University departments and a 
variety of interests. Although the emphasis of the investigation was 
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Table 1. STonunary of Skylab coverage provided in support of 
the "Multidisciplinary Study of Wyoming Test sites 
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Table 2. Hlglral ti tude aerial photography provided in support of the 
"Multidisciplinary Study of Wyoming Test Sites." * 
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Specific areas of coverage from NASA Missions 248 and 310 are shown 
cross-hatched on the index of available NASA photography of Wyoming 
(Fig. 2). 





toward geologic applications, close cooperation between geologists, 
hydrologists, and plant scientists allowed maximum advantage in inter- 
pretation of the interdependence between rock, soil, water, and vegeta- 
tion and also provided a greater capability for evaluation of the satel 
1 i te data in multidisciplinary applications such as land-use* Those 
who contributed to this research are listed in Table 3. 
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DESCRIPTION OF THE TEST SITES 

Wyoming is a semi-^arid region of relatively high elevation and 
severe climate- Skies are exceptionally clear and the vegetation cover 
is sparse to moderate over much of the terrain. Yet, natural resources 
(particularly mineral resources) are abundant and the landscapes are 
incredibly diverse. This combination offers ideal conditions for test- 
ing and evaluation of remote-sens ing systems for resource management. 


7 


Lithologic exposures vary from poor to excellent throughout Wyo- 
ming so that test sites for geologic mapping may be selected from any 
number of suitable areas. For example, the Medicine Bow test site, which was 
originally proposed as the prime test area, was largely cloud-covered 
during all EREP data takes; so the Bighorn/Owl Creek area was selected 
as an alternate geologic test site because it was successfully imaged 
on two EREP passes. Other sites were chosen for tests of other appli- 
cations on the basis of coverage, special needs or interests, or on 
the basis of special occurrences or conditions. 

The Green River Basin was chosen as a site in which to attempt 
mapping of the flat-lying, poorly consolidated, Tertiary formations com- 
mon to Wyoming basins. Here the Tertiary sediments are present in a 
tremendous variety of landscapes and facies interrelationships. Some 
important facies changes are well documented and are expressed in sur- 
face outcrop. These units afforded an opportunity to test the Skylab 
photography in an attempt to delineate some very subtle geologic features. 

The Madison Formation cropping out along the west flank of the 
Bighorn Mountains was selected as a test site in geohydrologic studies 
largely because of the recent interest in this aquifer as a potential 
source of water for development of energy and mineral resources in the 
Powder River Basin. 

Interest in the coal, petroleum, and uranium of the Powder River 
Basin prompted attempts to map the baked-shale (used as road metal) out- 
crops associated with zones of burned-out coal and to employ the EREP 
data as a tool in a regional analysis of land-forms, land-use, and 
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vegetation. A more detailed 1and~use study was conducted for the Moor” 
crof t/Keyhole area, which is one of the prime locations for residential 
and recreational development in this area (Marrs, 1975). 

Range studies were conducted both in the Powder River Basin and in 
the Baggs area of south-central Wyoming, where the University of Wyoming 
maintains a controlled grazing site. 

Wyomin- and portions of adjacent states served as a test site in 
which the EREP and LANDSAT data were employed in tectonic analyses; 
although most of the linear elements used in these analyses were mapped 
in the mountain areas. 

The Hyattville area, in north-central Wyoming, was chosen for com- 
parative evaluations of theS-192 mul tispectral scanner data because it 
was one of the few areas of geologically diverse terrain for which S-192 
data were available. Thse data were evaluated both through digital 
analyses and by direct measurements upon the S-192 imagery. 

Attempts were also made to use the Skylab data as a tool for direct 
detection of anomalous haloes that might be associated with copper de- 
posits of the Absaroka region and with uranium deposits in the Wind River 
and Powder River basins. These attempts were largely unsuccessful. 

APPROACH 

this study involves evaluations of each of the Skylab Imaging sen- 
sors in earth resource appi ieat ions . Those appl i cat ions in which the 
surface expression of rocks, soils, and vegetation play a major role 
were approached via standard techniques of image Interpretation and 
field mapping, in other applications, for which the surface expressions 
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provide only an Indirect indicator of the significant parameters, image 
enhancement techniques were employed in the interpretation of the data 
and statistical procedures were used in drawing results from the data. 

Image Interpretations were made in a variety of v;ays using the 
standard photographic products provided by NASA and/or from photographic 
products enlarged or enhanced to allow for better Interpretation. Photo- 
interpretive equipment used by investigators In this study includes the 
Kern PG-2 stereoplotter, the Bausch and Lomb zoom transfer scope, and 
the Richards MIM-3 interpretation table equipped with a Bausch and Lomb 
zoom stereoscope. Enlargement and reprocessing of the photographic data 
was accomplished through the custom color processing laboratory at 
NASA/JSC and via a similar color photo laboratory operated by the Uni- 
versity of Wyoming since autumn, 197^- Image enhancement and data 
analysis capability was provided by the University computer center and 
the Department of Geology image analysis laboratory. This image analysis 
laboratory is equipped with a Joyce Loebl/Tech Ops isodensi tracer , a 
Spectral Data PV/61 color additive viewer, and a Spatial Data 4ol/704 
edge enhancer and image analyzer. Together, these facilities have al- 
lowed investigators a full range of Image analysis capability to supple- 
ment the standard interpretative procedures. 

Results of the image interpretation were checked against both pub- 
lished and unpublished information. Field investigations proved instru- 
mental in checking many of the results. 
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RESULTS OF INTERPRETATIONS OF SKYLAB DATA 

Ma-y of the significant results of this investigation have already 
been presented in final or preliminary form in "progress reports" or 
"special reports" submitted while the investigation was yet in progress. 
These results are summarized in this final report along with previously 
unreported results of the Skylab sensor evaluations. But, the results 
presented here represent only the "tip of the iceberg". Analysis of 
most of the Skylab data is yet to be completed, and the real "significant 
results" will only be realized as the data are applied to the daily prob- 
lems of users. Even the conclusions drawn from these analyses represent 
something of a preliminary analysis. Continuing work will undoubtedly 
uncover new applications of the earth resources data and will produce 
better techniques with which to interpret and use the data. 

General Resource Applications 

The field of resource applications to which the Skylab EREP data 
may be applied is extremely broad. Applications attempted by Wyoming 
investigators represent only a few of the possible and potential appl ica- 
tions, but we feel that these studies represent a sample set (or a sig- 
nificant portion of a sample set) from which to determine the relative 
utility of the EREP sensors, their capabilities, and their critical 
1 i ml tat ions. 

Geology 

The major emphasis of the Wyoming investigation was in the geologic 
applications of the satellite data. Attempts were made to employ the 
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EREP imagery in general outcrop and structure mapping programs, in geo- 
morphic analyses, in tectonic studies, in mineral exploration and in 
several areas peripheral to geology, such as hydrology and soils. In 
all of these efforts the EREP data was used with some degree of success. 

General Geologic Happing . Geologic maps were compiled from 5^190 
photography in six different test areas. Outcrops within these areas 
represent lithologies ranging in age from Precambrian to Quaternary. 

This very large stratigraphic section includes igneous and metamorphic 
rocks (Precambrian) as well as a large number of marine and non-marine 
clastic formations. The major lithologies and their approximate time 
correlation are summarized in the stratigraphic nomenclature Chart 
(Fig. 3 ) . 

Both the Green River and Powder River Basin test areas encompass 
broad expanses of poorly consolidated, sedimentary rocks of Tertiary age 
These are interesting from a geologic standpoint because of major facies 
changes which reflect lateral variation in depositional environment and 
because of the cyclic repetition within a vertical section of the sedi- 
mentary units which records temporal changes in the sedimentary environ- 
ment. The Tertiary sedimentary rocks are also of economic interest be- 
cause they contain vast amounts of construction materials (sand and 
clinkers), trona, uranium, oil shale, some placer metals, and water. 

In the Green River Basin the Tertiary sedimentary units are general 
ly flat-flying and many of the lithologie distinctions are subtle. Veg- 
etation is sparse and the surface geomorphology is moderately complex 
with some control exerted by both aeolian and fluvial processes. 
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F i gy re 3 • 


Wyoming stratigraphic nomenclature chart (from Wyoming 
Geological Association Guidebook, 1973). 
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S-190A mul ti spectra I photography {Fig. A) was used in compiling a 
photogeologic interpretation of the northern Green River Basin. Stereo- 
scopic coverage was only available from the S-190A cameras, so the S-190A 
photography was nearly as useful as the non-stereoscopic S-19GB data on 
this data pass. The relatively sparse vegetative cover allowed good 
discrimination of many of the major formations and several sub-units 
within the formations (Fig. 5). However, several of the formational con- 
tacts normally used in field mapping could not be detected on the photog- 
raphy. Comparison between the photointerpretation and the regional geo- 
logic map of the area (Love and others, 1955) showed that the units 
chosen through photointerpretation parallel the formal geologic forma- 
tions, but the contacts do not correspond precisely. They must, therefore, 
be considered "telegeo logic" or "remote sensing" units. 

The S-I 9 OA color photography was found most useful for mapping in 
this area because it contains the essential hue information that enables 
the interpreter to distinguish subtle changes in color which mark many 
of the contaets of the telegeologic units and some facies changes. The 
color infrared was also quite useful because it, too, recorded color dif- 
ferences; but the spatial resolution of color infrared photography was 
considerably poorer than that of the color photography. 

The test area mapped in the Powder River Basin includes sedimentary 
units ranging in age from Cretaceous through Quaternary. The western 
two-^thirds of the test area is covered by loosely consolidated sedimen- 
tary units of the Tertiary, Wasatch, and Fort Union Formations overlain 
by Quaternary alluvium flanking the major drainages. Cretaceous 

lif 





Sky lab S-I 9 OA image (roll 41, frame 204, red band, track 
59 , pass 28 , Sept. 13, 1973) of the Wyoming Thrust Belt, 
the Green River Basin, and the Wind River Mountains. 
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Various Tertiary Units Differentiated On Color Basis 


^ Scale: Miles 

Figure 5. Geologic photo interpretation of the Green Fiver 
Basin, Wyoming; interpreted from STcylab S^190A 
photograph 41-204 (Fig, 4). 
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sedimentary rocks crop out in the northeastern corner of the area where 
they lap onto the western flank of the Black Hills uplift. 

An outcrop map (Fig. 6) interpreted from the S-190B color photog- 
raphy (Fig. 7) again^ shows excellent correspondence with the regional 
geologic map (Love and others, 1955)- In general, the contacts were 
easily located on the basis of contrasting geomorphie and tonal character- 
istics. Vegetation cover is heavier in the Powder River Basin than in 
the Green River Basin and caused some difficulty in defining the tonal 
contrasts that could be related to contrasts in rocks and soils. 

Some formally recognized units were necessarily combined because 
they were not distinguishable on the Skylab photography. Others, such as 
the Fort Union Format i on, were divided into several units that could be 
correlated with formational members and sub-members. The Lebo and Tullock 
members of the Fort Union Formation were not distinguishable, but the 
Tongue River Member was divided into a lower unit (character I zed by bad- 
lands topography) arid an upper unit (character i zed by va II ey-and-mesa 
topography),. This distinction vjbs strikingly depicted in the stereo pre- 
sentation of the S-I 9 OB photography. The subdivision of the Tongue River 
Member may not be geologically significant, but baked shale units appear 
to be concentrated in the lower unit. 

Results from these initial efforts prompted attempts to employ the 
S-19Q photograph in general geologic mapping of the structurally complex 
Greybyll and Horn areas, which lie on the west and east flanks (respective 
ly) of the Bighorn Mountains- 

The study in the Horn area involved a deta I led comparison of the 
LANDSAT imagery, the Skylab S-I 9 DB photography, and high-altitude aerial 








lab S-I90B color photograph 

9, pass 6, June 3 , 1973)- 
of the Powder River Basin 
of the Black Hills. 


Halftone reproduction of Sk 
(roll 81, frame 153, track 
The area shown is a portion 
lying immediately west 
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photography. The study was designed to estimate the value of improved 
resolution and the multi -level approach in geologic mapping. An excel- 
lent photogeologic map was constructed from the S-190B photography for 
this area in which rocks of Precambrian, Paleozoic, and Mesozoic age 
are intensely folded and faulted. The study is summarized in greater 
detail in a later section of this report and by Houston (1973b, p. 

77-97). 

In the Greybull test area sedimentary rocks of Cretaceous and Paleo- 
zoic age crop out In a series of tightly folded and faulted structures. 

A number of widely different lithologies are included in this strati- 
graphic section and many of these contrast sharply with adjacent units 
such that the interpreter has several distinct "marker" units with which 
to work. The resulting photogeologic map (Fig. 8a j was compared to 
an existing geologic map (Fig. 8b) at l:125j000 scale. As in the pre- 
viously discussed mapping attempts, the telegeologic units are somewhat 
different than the formal geo,logIc units recognized in the area; but, 
the contacts were found to be mapped in greater detail on the S-190B 
photo! nterpretat i on and several structures were identified which did not 
appear on the published geologic map. It was concluded that the S-I 9 OB 
offers great potential for updating and improving existing geologic maps. 

A fifth area in which the Sky lab photography was applied to geologic 
mapping was a region of Precambrian igneous and metamorphic rocks in the 
Owl Creek Mountains in central Wyoming. In this area, a series of Pre- 
cambrian greenstones have possible economic significance because they 
include some iron-rich metasedimentary beds. An attempt was made to 

segregate the greenstones from the surrounding igneous rocks by interpre- 
tation of the. Sky lab S-190B photography. 
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Figure 8a. Photogeologie map of the She^p Mouritain area 

near Greybuil, Wyomi ng; i nterpreted from Skylab 
S-I90A {roll 15, frame 227, track 5, pass 10, 
June 13, 1973) . 
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Figure 8b, 1 : 125,000-scale field geologic map of the 

Sheep Mountain area near Greybuil, Wyoming 
(after Andrews and others, I9A7). 
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Figure 9a is a geologic map showing the extent of the greenstone 
belt in the Owl Creek Mountains of Wyoming as known from published 
geologic maps. Figure 9b is a map of this greenstone belt as prepare) 
from the Skylab photograph. Comparison of the geologic map (Fig. 9a) 
the Skylab photogeolog i c map (Fig. 9b) shows that the known part of tl 
belt was mapped with reasonable accuracy at 1:500,000 using the Skylat 
photograph. It was also possible to extend the belt to the east where 
no published maps were available. It is rarely possible for a photo- 
geologist to be certain he is mapping in an unprejudieial manner when 
published maps are available and when the geologist has some familiarii 
with an area, as was the case for the western part of this greenstone 
belt. But, at the time the Skylab photogeologic map was prepared, ther 
was no Information on the eastern extension of the greenstone belt; so 
this can be considered unbiased photogeologic mapping. After mapping th 
belt, it was determined that H. Barnes of the United States Geological 
Survey had prepared a reconnaissance map of the eastern part of the 
greenstone belt. It was then possible to check the accuracy of the un- 
biased photogeologic mapping. Comparison of Barnes map (Fig. 9c) and 
the Skylab map (Fig. 9b) shows that the "unknown" part of the belt was 
certainly mapped as accurately as the known. 

The results of these five studies allowed the Wyoming research team 
to conclude that 1) the EREP S-I90 photography is a valuable tool for 
general geologic mapping in sparsel y-to-moderatel y vegetated areas where 
outcrops are relatively abundant, 2) direct photointerpretation techniques 
are usually effective in geologic mapping, 3) stereoscopic coverage great- 
ly enhances the use of satellite photography for geologic mapping, 4) the 
S-igO photography is useful as a means of updating and improving some 
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CAMSRO ORDOViCiAN ROCKS fUNOIVtPED) 
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PRECAM0RIAN METASEOtWENTARY AMD 
METAVOLCANIC ROCKS {GREENSTONE) 
PRECAMRRIAN GNEISS 


. 9a. Geologic map of Precambrian units in the Owl Creek 
Mountains of ‘Wyoming (Precambrian units after Duh- 
ling, 1969} other imits after Love and others, 1955). 
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fo 9b, Photogeologic map of 
the Owl Creek greenstone 
belt as interpreted from 
Skylab S-190 photography 
(after Houston, 1974a). 
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Fig. 9c. Reconnaissance geo- 
logic map of the eastern 
owl Creek greenstone belt 
(after H. Barnes, USGS, per- 
sonal communication, April, 
1974) . 
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existing geologic maps and 5) the photoi nterpretive techniques are ap- 
plicable in widely different types of geologic terrain. 

Tectonics . The broad image-swaths of the earth resources satellite 
systems give a regional overview ideal for tectonic analyses. Soon after 
the launch of the first ERTS (LANDSAT) in 1972, it was recognized that 
the satellite imagery offers a new perspective on the earth by which 
“linear features" or “photo linear elements" are strikingly displayed. 

Many of these linear elements can be related to discontinuities in the 
earth's crust and can be interpreted in terms of stress fields, zones 
of weakness, controls for mineralization, and regional tectonics. Sub- 
sequently, the LANDSAT data has been widely used as a means of identifying 
and mapping these linear elements. In northern and southern latitudes, 
the winter (snovi-cover) LANDSAT imagery was found most effective for 
mapping of linear features enhanced by shadows. Shadow enhancement is 
a function both of the low elevation of the winter sun and the high albedo 
of the snow-covered earth which contrasts strongiy with shadows. Many 
topographically expressed linear elements (those trending obliquely to 
the sun azimuth) are enhanced in these images. 

The orbit of LANDSAT presents only one major disadvantage. The 
imaging cycle is repeated for successive image sets at almost the same 
time of day and with nearly the same viewing geometry. Therefore, the 
variation in elevation and azimuth of illumination is minimal (varying 
only with season) and the viewing aspect is constant. The resulting in- 
terpretations and analyses of linear elements are severely biased by this 
restricted imaging geometry. 
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Sky lab offers a new and more variable geometry with which to view 
the earth. The Skylab orbit allowed image coverage to be acquired at 
almost any time of day; and hand-held photographs taken by the astronauts 
provide an oblique view that can be used in conjunction with the vertical 
views provided by the S-190 and S-192 sensors. 

The advantage of the oblique view is illustrated by Figures 10 and 
11 which show one of the hand-held, 70mm photographs taken by the Skylab 
astronauts and the interpretation of linear features made from this photo- 
graph, Many linear features which are not apparent on vertical views of 
this same area are enhanced on this oblique viev,f. One very great dis- 
advantage in using the oblique photography is the difficulty encountered 
in transferring the interpreted image data to a map. This difficulty 
can be overcoime by using a rectified version of the oblique photo for 
the initial interpretation (Figs. 12 and 13)- 

In addition to Skylab's variable imaging geometry, the stereoscopic 
coverage of the S-I 30 system and the greater resolving power of the S-190 
cameras (compared to LANDSAT) gives the Skylab system an even greater 
advantage in the study of photo linear features. 

Several tests were designed to evaluate the Skylab 5^190 data in 
the study of photo linear elements. Initially, an area in the Wind River 
Mountains, for which the major linear features had been mapped from 
LANDSAT imagery was also interpreted for major linear features using Sky- 
lab photography (Fig. 1^). These two maps were then compared with respect 
to the dominant trends of the mapped linear features. In both the LANDSAT 
and Skylab Interpretation a strong illumination angle bias Is apparent 



Oblique photograph of snow-covered northwest VJyo- 
ming taken by Skylab astronauts on Skylab Mission 4 
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Photo linear features interpreted from the Skylab 
70mm oblique photo (see Fig. lo). 
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14. Comparison of linear features mapped using LANDSAT MSS Images and Skylab S“190B photographs 
of the Wind River Mountains test site. 
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in the trends. Linear features parallel or nearly parallel to the sun's 
azimuth are seldom detected and both interpretations are biased toward ' 
linear elements that trend approximately orthogonal to the sun's azi- 
muth. A combined interpretation of the LANDSAT and Skylab images yields 
a better map than either of the two Interpreted separately. 

The next step in the EREP evaluation for tectonic studies was to 
compare the LANDSAT and Skylab linear features maps with regard to total 
information content. For this test, the Wind River Mountains test site 
was mapped both from LANDSAT (Fig. 15) and Skylab (Fig. 16), taking care 
to mark all visible photol inear elements. These two maps were then com- 
pared to give an estimate of the advantage of the greater resolving 
power of the S-I 9 OA photography. An absolute correlation between the 
two maps could not be made because of the bias introduced by the differ- 
ent sun elevations and azimuths and because of the partial cloud cover 
on the Skylab image. However, comparison of areas of common coverage 
between the two images shows that the better resolution of Skylab photog- 
raphy allows the interpreter to map more linear features from the Skylab 
photography than from the LANDSAT imagery. 

The third test of the EREP data in tectonic applications was an at- 
tempt to define interrelationship between structural provinces using data 
or linear features derived from the S-190 photography. In this study, a 
strip of Skylab photography (Track 5, June 13» 19^73) was interpreted for 
linear features In an area extending from the Beartooth Mountains of Mon- 
tana, across the northern Bighorn Mountains and into the Powder River 
Basin of Wyoming (Fig. 17). The interpreted area was then divided into 
three zones (subdivided on the basis of structure and geomorphology) to 
be compared to one another. 
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Figure 15. Map showing all linear ele- 
ments detected on LANDSAT 
images of the Wind River 
Mountains . 
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A rose diagram was constructed for each zone to summarize the 

i; trends of the linear elements. The two mountainous zones (Bighorn/Pryor 

t 

I Mountains and Beartooth/Crazy Mountains) have northeast and west-northwest 

f.' 

trending sets of linear elements. A sun azimuth of 155° enhances the 
northeast-trending sets so that they appear dominant. The Bear tooth/ 

Crazy Mountain zone also exhibits a north-northwest-trending set of 
linear elements not apparent in the Bighorn/Pryor Mountains, and the 
Bighorn/Pryor Mountains zone shows a bimodal northwest trend (which 
must be very strong to overcome the negative bias introduced by sun 
azimuth). The only major trend seen In the Powder River Basin zone 

; is an extremely strong northwest trend that correlates well with the 

northwest trend seen in the Bighorn Mountains. 

These correlations can be interpreted in terms of structural Inter- 
dependence through time. The strong northwest trend seen in the Bighorn/ 
Pryor Mountains and in the Powder River Basin might be considered the 
"younger'* trend because it effects the relatively young (Tertiary) sedi- 
mentary rocks of the Powder River Basin. The northeast- and west-northwest- 
trendlng sets might be considered an older set of features that might ex- 
tend throughout the area and be masked in the Powder River Basin by the 
Tertiary cover. The absence of the strong northwest trend in the Bear^ 
tppth/Crazy Mountains and the occurrence of the north-northwest trend 
might be interpreted in a number of ways. These trends could be an in- 
dication of a later development in the Beartooth/Crazy Mountains under a 
separate stress system, or of late rotation of the Beartooth/Grazy Moun- 
^ t tains Block relative to the Bighorn/Pryor Mountains and Powder River 
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Basin- Each of these possibilities could have major implications with 
regard to the regional tectonic pattern and geologic history of the 
area- Further studies in adjacent areas and more detailed comparisons 
of the structural style in each of these areas should help define the 
true relationships. 

The results of these applications tests were sufficiently encourag- 
ing so that a more comprehensive program was designed to attempt a re- 
evaluation of Wyoming tectonics using the earth resources satellite 
data. This program began with a compilation of a statewide map of linear 
features from LANDSAT winter imagery. This is to be supplemented by in- 
terpretations of all available Skylab coverage, which should help to re- 
move illumination-angle bias. Analyses of these maps will be done with 
the same procedures used in the Beartooth-Powder River Basin test, but 
field checks and comparisons with published structural information will 
serve to improve the analysis of results. 

Interpretation of both the LANDSAT and Skylab Imagery has been com- 
pleted for this project, and preliminary analyses have been made for the 
LANDSAT interpretations (Earle, 1975)- The Skylab interpretations and 
published data are now being prepared for input Into the statistical 
correlations. Completion of this project Is presently scheduled for 
January, 1976. 

Geemorphology and Landforms . Landforms are an integral part of 
the total geologic picture and the geomorphic processes that produce 
the landforms are controlled, In part, by the geology. Consequently, 
one cannot deal with the surface geology without using geemorphology as 
an interpretation guide. in constructing a geologic map, one looks to 
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differential weathering, drainage density, distinctive land-forms, and 
topography as clues to help in identification and mapping of lithologies 
and structures. In mapping photo linear elements one looks for linear 
discontinuities in the landforms as well as in the lithologies and 
topography- In all resource applications, the surface morphology is 
important. 

Success in correctly identifying and mapping landforms is measured 
by the success achieved in all applications in v/hich the surface mor- 
phology was used as a guide. Therefore, the EREP data were Judged quite 
effective in geomorpholog ic applications; and, in fact, the S-130 photog- 
raphy is currently being used as an operational tool for compilation of 
land-form maps to be used in planning for mineral development in the 
Powder River Basin (U.S. Geological Survey, contract 1 4-08-OOOHG-1 63) • 

The S -190 data has two particular attributes which are critical to 
its use as a land-form mapping base (i.e., good resolution and stereo- 
scopic coverage). The resolution of the S-I 9 OA, photography is just barely 
adequate for mapping land-forms at a scale of 1:100,000 and the stereo 
coverage allows direct interpretation from a magnified stereo model 
(with the 9-Tnch transparencies mounted on the Kern PG-2 stereoplotter) . In 
some locations the S-130A data must be augmented by S-19QB photography or 
aerial photography for accurate interpretation of the land-forms at 
1:100,000 scale, but the advantage of regional perspective and ready 
correlation across broad areas more thari offsets the detail limitations 


of the S-I 90 A photography. 


Land Use and Environment 

Mapping and monitoring of land~use has become increasingly impor- 
tant as attention is focused on the environment. Government agencies, 
in particular, are pressed by the need to obtain up-to-date land-use 
information quickly and efficiently. Satellite sensor systems provide 
the only reasonable hope for obtaining such data. The LANDSAT system, 
with its l8“day orbit cycle, has been very effective in land-use stud- 
ies because the repetitive coverage allows the interpreter to view the 
surface in several seasons and better enables him to identify vegeta- 
tion and use patterns by interpreting the seasonal or annual progression 
of change. This same repetitive coverage, when collected over a period 
of months or years, can be used to monitor land-use change. 

In land-use applications, the EREP data does not offer the repeti- 
tive coverage; so the LANDSAT system has a decided advantage. However, 
the EREP sensors do offer the advantage of greater resolution. The im- 
portance of having higher resolution is best appreciated by comparing 
iand-use interpretations made frcHi) LANDSAT and EREP imagery (Pls. i and 2) 
to a field-checked land-use map (P1 • 3)- The EREP S-I 9 OB photography 
definitely yields a better interpretation than the LANDSAT data when map- 
ping at a scale of 1:62,500 (Marrs, 1975 ). Comparison of the images 
enlarged to the map scale (Pis. A, 5, and 6) shows that the lack of de- 
tail in the LANDSAT interpretation is strictly a function of resolution 
and contrast. The LANDSAT data does provide sufficient detail for mapping 
at scales of 1:125,000 or smaller, but, in many areas, land— use maps must 
be of a larger scale to be useful as a planning base. In the Moorcroft/ 
Keyhole area, even the Skylab S-I 9 OB interpretation is marginal for map- 
ping some land-use classes; but, for most classes, the detail available 
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from the Sky lab data compares favorably with that Interpreted from the 
aerial photography. 

An optimum satellite system for land-use applications would com- 
bine the advantages of LANDSAT coverage with resolution equivalent to 
that of the S-190B camera; but, until such a system Is available, a 
combined interpretation of the Skylab and LANDSAT data may provide the 
best alternative. A land-use Interpetation, such as that of Plate 2, 
could first be made from the Skylab (or aerial) photography. This 
would then provide a base with accurate delineation of the land-use 
boundaries. Identification of vegetation and other time-variable phenom- 
ena could then be Improved through interpretation of LANDSAT repetitive 
coverage. The LANDSAT data would also serve to monitor change in the 
area except in situations where changes effect the configuration of the 
land-use boundaries. 

The values of a higher resolution system in monitoring change was 
demonstrated in an effort to map the Wyodak coal mine near Gillette, Wyo- 
ming (Marrs, 197Aa). An attempt was first made to map the mine area from 
the LANDSAT imagery; but the attempt was unsuccessful due to the limited 
resolving power of the LANDSAT scanner. Even a very careful density slice 
of the area produced only a rough outline of the two large pits* The 
SKylab S-190B data was applied to this problem with somewhat greater 
success. Many of the activities within the mine area are read- 
ily identified on an enlargment of the S-I 9 OB photograph (Plg. l8a)^ 
Density slicing of this photograph helps to establish boundaries around 
the different areas of activity (Fig. l8b). 
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Figure l 8 a. Enlargement of Skylab S-190B image 
showing the Wyodak coal mine near 
Gillette, Wyoming (roll 88 , frame 
020 , color photograph, track 59 . 
pass 28 , Sept. 13, 1973). 
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nterpreted isodensity contour map 
:ompiled from an i sodens I trac i ng of 
he S-I 9 OB photograph (after Marrs, 
97^»a). 






Similar techniques were employed in another land-use related 
study in which the Sky lab S-190B photography was used to map sandy, 
selenium-rich soils in an area to be strip-mined for coal (Kolm, 

]gy 5 a and 1975b). A reference site was first defined near the AMAX 
Belle Ayre mine in Campbell County, Wyoming (Fig. 19)- The Skylab 
S-I 9 OB photography of this site (Fig. ^0} was then interpreted (with 
the aid of density contouring) to produce a map of the sandy soils 
(Fig. ^1). This map was then compared to a field cheeked interpreta- 
tion of the same area compiled from 1:124,000 scale aerial photog- 
raphy (Fig* 22), The two maps were ^Gund to compare favorably, so the 
Skylab interpretation was expanded to yield a map of all similar soils 
in Campbell County (PI. 7). This map was intended to serve as a guide 
for controlling redistribution of the selenium in the soils to be dis- 
turbed by coal mining operations (the strippable coal reserves extend 
the full length of Campbell County). 

Soil samples were gathered in the AMAX Belle Ayre reference site 
in an effort to determine the nature and. geochemical relationships among 
the varlGUS soils. The conclusions of the geochemical analyses were 
surprising. All of the Wasatch-derived soils were found to contain soluble 
selenium compounds concentrated in the *‘A'' horizons. 0riginally only 
the Shingle series soils (sandy) were thought to contain high concentra- 
tions of selenium because indicator plants (Astragalus bl sulcatus) are 
concentrated on the Shingle series soils. Factors other than selenium con- 
centration control the growth of the indicator species in this area, but 
the presence of the indicators 1s a serious concern because they 



Fig. 19* Index map of Wyoming shoving the location of the reference site 

(arrov) a.nd the area mapped from SS^lab photography (shaded area, 
after Kolm, 1975a) . 










Fig. 20. Enlarged S-190B photograph (roll 88, frame 20, color, track 59, 
pass 28, Sept. 13, 1973) used for the reference site interpre- 
tation. The reference area lies within the square^ 
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convert the mi nera logic forms of selenium to more soluble forms and 
concentrate these more soluble selenium compounds in the upper few 
inches of soil. Here they may be leached into ground water or taken up 
by other tolerant plant species and introduced into the food chain 
through grazing herbivors (cattle, sheep, etc.). 

The Skylab'-produced map of the sandy (Shingle series) soils serves as 
a guide to locating present or potential sites of selenium i nd i cator/con^ 
verier infestations. These sites can then be treated with special care 
to minimize the danger of contamination of ground water or the food 
chain with the toxic selenium compounds. 

Hydrology 

The hydrologic application of the Skylab EREP data is severely re^ 
stricted by lack of repetitive coverage and poor quality of the S -192 
thermal data. One of the original objectives of the Wyoming EREP inves- 
tigation was to attempt to use the thermal channel of the S -192 scanner 
to map upwelling hot or cold waters and areas of shallow ground water. 
However, only a very limited amount of S--192 imagery was obtained for 
Wyoming, and the thermal channel of that data was ruined by severe low- 
frequency noise. Consequently, the only hydrologic analyses attempted for 
the Wyoming site employed the photographic data as an indirect tool for 
studying groundwater via structural analyses. This was accomplished 
with some success in the area of Medicine Lodge Creek (Tomes, 1975)* 

Medicine Lodge Creek lies along the west flank of the Bighorn Moun- 
tains in north-central Wyoming (Fig. 23). The Lower Paleozoic rocks that 



Skylab S-I 90 A photograph (roll 18, frame 211, 
red band, track 5, pass 10, frame 228, June 
13 , 1973 ) showing the Medicine Lodge study 
area along the west flank of the Bighorn Moun 
tain (after Tomes, 1975). 


Figure 23 


crop out In this area include the Bighorn dolomite and the Madison 
limestone, which are generally considered the major aquifers carrying 
water from the mountains into the Bighorn Basin- The geology of the 
area is poorly understood and little data is available regarding struc- 
ture or groundwater. 

Runoff flows from the Precambrian core of the Bighorn Mountains 
across the outcrop of the Paleozoic formations and into the Bighorn 
Basin. The Paleozoic aquifer Is relatively impermeable unless fractured, 
but the water normally carried in surface streams often sinks as it flov/s 
across the Bighorn dolomite, the first Paleozoic carbonate rock encounter 
ed in the downstream direction. Further downstream (but up section) a 
portion of the water reappears in springs. Field studies indicate that 
these sinks and springs (and the flow of ground water) are fracture con- 
trolled. Therefore, the LANDSAT and EREP imagery were used to map linear 
features that might correlate with the major fractures in the area (Fig. 
Ik) and to refine the geologic maps for the area {Fig. 25). The linear 
features within the Medicine Lodge study area were then checked in the 
field and compared to field maps. A direct correlation was found between 
the linear features and the faults. Many of the faults that control 
ground water flow in the area are visible on the Sky lab photography. The 
sinks aiid springs found in the area commonly correspond to intersections 
of the mapped faults. 

Crops and Range 

A heavily Farmed area near Riverton, Wyoming was chosen as a test 
site for mapping crops from the Skylab photography (Fig, 26 ) ^ Investi- 
gators from the University of Wyoming, Plant Science Department first 










26. Portion of Skylab S-190B photograph showing the Riverton agricultural area (roll 33, frame 
1ci9, track 62, pass 4, August 5, 1973). 
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subdivided the test area into "use" categories (range, water, farmland, 
etc.) and then attempted to identify the crops within the area of farm- 
land by direct photointerpretations. The interpreter was familiar with 
most crops grown in Wyoming, but unfamiliar with the Riverton test area. 

The resulting crop map (Figs. 27a, 28 b) were compared to a high-altitude 
color- i nfrared aerial photograph and checked against available field 
observations. This evaluation demonstrated that the individual field 
boundaries were accurately mapped and most of the crops (>75^) were 
correctly identified. 

The FREP S-ISO photography was used in a detailed mapping program 
which evaluated LANDSAT, Skylab, and aerial ohotography for rangeland 
mapping. The test site v/as a six- by twenty-f i ve-m i 1 e area near Baggs, 
Wyoming where the University of Wyoming maintains surveillance on a four- 
pasture rest/ rotat ion unit (Fig. 29 ). Range vegetation maps were com- 
piled at a scale of 1;2A,000 (Figs. 30, 31, and 32) from LANDSAT, Skylab 
(S-190A and S-1906) and aerial photography. The aerial photo interpreta- 
tion was field cheeked and amended as necessary. Sample transects were 
set up and resampled in conjunction with each LANDSAT overpass. The re- 
sulting data allowed accurate definition of the range community in each 
map unit and clippings provided biomass estimates for correlation with 
changing scene reflectance through the grazing season (Gordon, 1974). 

Mineral Exploration and Economic Geology 

Three attempts were made to locate construction materials or metal- 
lic minerals by direct interpretation of the Skylab photography. In each 
case, the interpreter tried to identify and delineate a "color anomaly" 
associated with the economic material. These efforts produced questionable 


success . 
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Figure 3 Da. 


Fange vegetation 
map developed from 
LAMDSAT^l imagery 
of the Baggs test 
site . 
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map interpreted 
from Sky lab photo 
graphs of the 
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Figure 31b. Eange vegetation map 
from Skylab photo-^ 
graphs of the Baggs 
test site. 
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Figure 32a. 


Range vegetation map of the 
Baggs test area, compiled from 
low-level aerial photography 
supplemented with ground 
reconnaissance . 
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Construction Materials . Coal outcrops are relatively difficult to 
map from photography because the coal seams are relatively thin and are 
easily eroded. Consequently, the coal outcrops commonly lie along a val“ 
ley bottom or on a low ridge-slope covered by soil or resistant sandstone 
ledges. In other areas the coal beds have been ignited (by lightning 
or other causes) at the outcrop and have "burned out" for some distance 
into the outcrop. Shale layers overlying these burning coal beds are 
baked and partially oxidised to produce "clinker" beds- The clinkers, 
then, mark the upper boundary of a former coal outcrop and they are also 
useful as a road-base mate-ial- The oxidized shale layers are red in 
color and resistant to erosion so that they often form a distinctive 
dissected tonography with numerous small erosional remnants (buttes and 
ridges) capped by the baked shale layers* 

The baked shale outcrops are recognizable both by their distinctive 
red color and their geomorphic pattern. In the northwestern Powder River 
Basin, where the baked shales are associated with coal seams of the Fort 
Union Formation, the Skylab, S-190B photography was successfully used to 
map the large baked shale outcrops (Fig. 33)- 

Mineral izatjon and Alteration* Two separate attempts were made to 
locate possible mineralized areas by direct photointerpretation* Copper 
mineralization in the Absaroka volcanic province is known to be associated 
with the color anomalies that reflect intense alteration of the volcanic 
rocks. Efforts to locate and define these color anomalies on color and/or 
color infrared EREP photography were largely unsuccessful (Harrs, 197^3 
p* 27 ). Several interpreters were asked to locate strong color anomal ies 
visible on the EREP color infrared photograph of the Absarokas region (Fig. 
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34). Each interpreter located several anomalies, but the located areas 
were strikingly different. Figure 35 is a typical comparison of the re- 
sults obtained by two interpreters. Interpreter 1 defined sixteen "pos- 
sible^* zones of alteration. Interpreter 2 located twelve. Only four 
of the alteration zones were located by both interpreters. 

A similar attempt to map altered areas associated with uranium 
mineralization in the Powder River Basin met with similar results. Al- 
teration maps from LANDSAT and EREP image I nterpretat i ons (Figs, 36 and 
37) were compared to a map of the known area of alteration (Fig, 38), All 
were in agreement on the general area of alteration, but the boundaries 
of the areas mapped showed little correspondence. The effort v^as judged 
"unsuccessful" because the areas of greatest interest, the alteration 
fronts, could not be reliably located. Nevertheless, it was concluded 
that the EREP interpretations have some utility because some of the mapped 
areas include areas of known alteration and mineralization. Therefore, 
the interpretations may be useful as a tool for isolating areas of inter- 
est to be studied further by more definitive methods. It may also be 
possible to process the images in some way to enhance the color anomalies 
so that they can be mapped. So far, enhancement procedures have failed to 
produce the necessary contrast. 

Gompa ra t i ve S tud i es 

A major part of the evaluation of the Skylab EREP packages were the 
comparisons made between the different sensors and bands and betvjeen Sky- 
lab, LANDSAT, and aerial photography. Comparisons were made between the 
different satellite systems in a number of applications, several of which 
are discussed in previous sections, A geologic mapping program in the 
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Soysen area (Fig. 39) was used as a comparative test of the S-I 90 A bands; 

! and an area near Hyattville, on the eastern edge of the Bighorn Basin (Fig, 

i 39 ), was used as a test area for evaluation of the S-192 scanner data. 

i 

Each type of comparison contributes to the overall evaluation of earth 
^ resources satellite systems and brings us closer to a determination of 

the optimum specif ications for the sensors and the platform. 

Comparisons In the Boysen Test Area 

Description of the Test Area . The Boysen Reservoir area of north- 
central Wyoming was chosen as a tent site for comparison of the S-I 9 OA 
mul ti spectral photography. Rocks varying In age from Precambrian to 
Quaternary crop out in the area and are complexly folded and faulted. 

The general geology of the area is well known and has been recently sum- 
marized by Keefer and others (1970, PI. 12). The Boysen test area com- 
prises a series of uplifted blocks that are thrust to the south and 
southwest over the northern margin of the Wind River Basin. The main 
fault is the east-striking South Owl Creek Mountain's fault that crops 
out at the north end of the Boysen Reservoir (Pl . 11, T. 40 N,, R. 9^ W.)* 
This thrust fault marks the southern limit of the broad, east-striking, 
anticlinal uplift of the Owl Creek Mountains. The Owl Creek uplift 
has a broad, gently dipping, north flank and a narrow, steeply dipping- 
to-overturned, south flank. It is cut, nearly at right angles, by the 
Wind River Canyon, v/here rocks ranging in age from Precambrian to Cre- 
taceous are exposed. The canyon cuts the north flank of the uplift over 
a distance of approximately 15 miles, from an area near Boysen Dam to the 
" town of ThermopoUs. The steeply dipping, south flank of the uplift is 




70 







complexly faulted into a series of grabens, horsts, and rotated blocks. 

One major fault, the Boysen Fault, exposes the Precambrian core of the 
uplif. north of Boysen Dam (PI. 11, T. 40 N. , R. 93~95 W.). 

t^est of the main uplift, fault blocks are oriented northwest and 
are typically asymmetric with steep limbs and faults on the southv;est. 

The most prominent block of this series is faulted on both northeast and 
southwest margins and is probably wedge-shaped in northeast cross-section. 

North of the main uplift the same northwest orientation is exhibited 
by folds that are asymmetric, with faulted and overturned limbs to the 
southwest. 

This complicated structure is well -exposed in much of the area so 
it is ideal for use in evaluation of Skylab imagery for geologic mapping 
of semi-arid lands. The main South Owl Creek Mountains Fault system Is 
not as well exposed as other structural features because it is covered by 
on-lapping rocks of late Tertiary age and extensive duaternary deposits 
that are most abundant on the steep, south flank of the uplift. Geomorphic 
features, such as pediments, are exceptionally wel 1 -developed on the south 
flank of the Owl Greek Mountain.^, and the abundant vegetation on these 
surfaces also tends to obscure structure. 

Geologic Mapping Using S-I 9 OA Photography . All S-igOA film products 
were interpreted for the area. Limited mapping was achieved with every 
band, but the two best map products were interpreted from the color and 
red-band film transparencies. This quality difference is clearly related 
to two factors; spatial resolution and, in the case of color, the use of 
diagnostic coior for mapping certain rock types. Color infrared photog- 
raphy is often best for geologic mapping (Houston, 1973b) by the Skylab 
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I color infrared product does not have spatial resolNtlon comparable to 

that of the Skylab S-190A color. 

L 

I Figure illustrates the variation in spatial resolution of the 

; various S^igO film products* Plate 9 is a compilation of all geologic 

information that could be obtained from stereoscopic interpretation of 
the two infrared bands (-7”*8 urn and * 8 -, 19 urn)* Major faults and some 
major folds were detected, but the two bands proved to be extremely poor 
for general geologic mapping* 

The infrared film is useful for some purposes despite its poor spatial 
resolution. For example, zones peripheral to Boysen Reservoir, thought to 
be marked by increased soil moisture, can be seen as a dark zone on the 
infrared transparencies, and areas of exceptionally vigorous vegetation can 
be mapped because of their bright tone on the infrared photography* Thus, 
despite its very limited resolution, the infrared film may be useful in 
crop studies* The vigorous crops shown fn these September Images are 
probably alfalfa and sugar beets* Localities numbered on Plate 9 are 
areas of specific interest discussed further In Appendix A* 

I nterpretat ion of the green band (0*5"0-6 u) transparencies were 
used to make a very generalized regional tectonic map (PI* lO). Contacts 
between geologic units showing contrast In the green were traced and basic 
structural patterns outlined. 

Contrast between some rock types is good in the green band, for ex** 
ample, red beds show very dark tones on green-band photographs and contrast 
strongly with light-colored sandstones and limestones* This results from 
the exceptionally low reflectance of the red shale and sandstone in the 
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S-190A IR1 (700-800nm) 


Figure 40. Comparison of S 190A bands and S-190B pholograph for a small part of the Boysen area. Resolution differences are readily 
appaieni in these enlart]ements. 
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green spectral region. Other rock types, such as black shales, will 
also produce very dark tones on green band photographs, so this tonal 
feature Is not unique to red beds, but it can be helpful in rock Identi- 
fication when the interpreter is familiar with the geologic section* 

The green band photograph is somewhat hazy, due in part to atmospheric 
scattering of green light. Vegetated areas do not show sharp contacts 
with hon-vegetated areas or areas of sparse vegetation. Where a modest 
vegetative cover is preserved, much of the area is hazy and dark In ap- 
pearance oh the green band, and very few of the rock characteristics can 
be recognized. 

The overall characteristics of the green band photography suggest 
that it is a poor choice for geologic mapping, and. If color or color 
infrared film products are available for use in identifying red beds, 
there is no reason to choose the green band for geologic study. Numbered 
localities on Plate 10 are discussed in Appendix A. 

Red band (.6-. 7 um) photographs are particularly useful for mapping 
certain deposits of Quaternary age and for preparation of regional tectonic 
maps (Pl . 11). They are not as useful as the color and color infrared 
photography because individual rock types usually cannot be recognized 
and traced over large areas. Contrast between units is not hotieeabiy 
better than for the green band, but spatial resolution seems better (large- 
ly because of better haze penetration). The improved resolution (compared 
with green band photographs) makes possible recognition of smaller units 
and a better determination of direction and degree of dip of rock units 
ir the stereo mode. 
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A comparison of Plate 8 and Plate 11 shows that the red-band in- 
terpretation is a useful regional tectonic map of this area and that 
all major faults and folds have been identified. The red band is also 
useful in mapping alluvium and pediment gravels (compare Pis. 10 and 11) ♦ 
although Quaternary contacts cannot be as readily located rn the southern 
part of the area as they are in the north- The distribution of pediment 
gravels shown on the red-band map (PI. 11) is significantly broader than 
that shown on the geologic map (PI. 8). Pediment surfaces are gently 
dipping, planar features that are developed primarily on sedimentary rock 
units along the margins of major uplifts. These surfaces may extend many 
miles into basin areas, and are normally cut indiscriminantly across sedi- 
mentary rock units of different erosional susceptibility (Fig. ^1)* The 
origin of these surfaces is not fully understood, but they may be developed 
during interglacial periods by aggrading streams or rivers. The surfaces 
are commonly covered by thin gravel deposits, and geologic maps typically 
show only these gravel deposits as the pediment surface. The gravel de- 
posits may not cover the entire pediment surface; thus, the geologic map 
shows the distribution of the pediment gravel, but not necessarily extent 
of the pediment surface. 

The pediment surfaces have a heavier vegetative cover than other areas, 
and are covered with grass rather than sage/grass mixtures. The red-band 
map of these features is largely a vegetation map in which vegetation ap- 
proximately coincides with the distribution of pediments. Where there is 
adequate relief (approximately 200*) the Skylab image can also be used to 
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gain a stereo-view of these surfaces. The red-band map probably will 
give the geomorphologist a good estimate of the maximum extent of pedi- 
ment surfaces in an area such as this, but it is not an accurate map of 
pediment gravels. 

The red-band map of alluvium in the southern part of the area shows 
a relationship opposite to that discussed above. The geologic map indi- 
cates a much greater extent of alluvium than the red-band map. In mapping 
alluvium with Skylab red-band photographs, the assumption must be made 
that the alluvium coincides approximately with the vegetated valley floor 
of streams and rivers. Vegetation shows with a distinctive dark tone 
in this band because of the strong absorption by chlorophyll, so the vig- 
orous vegetation in these al luvial-f i 1 led valleys is readily mapped. The 
difference between the red-band interpretation and true extent of alluvium 
in this southern area may be the result of floods that have spread alluvium 
well beyond the current stream channels. Some of the alluvium mapped by 
field geologists may also include Pleistocene terrace gravels and colluvium. 
The red-band map shows the probable extent of recent alluvium in stream and 
river valleys, but does not include material of the earlier valleys and 
floodplains. 

In contrast to the problems encountered in the southern part of this 
area, the alluvium is well mapped in the northern area. 

Another feature of the red-band photograph, relative to color and 
color infrared, is that faults and linear features are not as readily de- 
tected on the red-band photographs. All major faults known in this area 
were mapped with red-band photographs, but minor faults and linear fea- 
tures were more difficult to detect. This may result from higher reso- 
lution in the color photograph and the ability of infrared to better 
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detect moist fault zones or vegetation along fault systems. Numbered 
locations on Plate 11 indicate features discussed In Appendix A. 

Skylab S-I 90 A color infrared photography shows a distinctly poorer 
resolution than the S-I 9 OA color photography. The graininess of the 
Infrared color film Is such that maps prepared from it are poorer than 
those prepared with red-band photographs. The only advantage of the color 
infrared photography is that red beds can be recognized by their character- 
istic yellow color. Since red bands can also be detected on color photog- 
raphy the color infrared has no advantage over color film. However, if 
no color photography were available, color infarad and red band photog- 
raphy might be a good alternative mapping combination. 

The spatial resolution for Skylab S-190A color infrared photography 
is superior to that of LANDSAT imagery, but these image products are close 
enough in overall characteristics for meaningful comparison. It was anti- 
cipated that Skylab infared photography would be superior to LANDSAT 
images because it would have somewhat superior resolution and stereo-coverage. 
The Skylab color infrared photography did show slightly improved resolution 
and the advantage of stereo-viewing, but marker units were not as easily 
recognized as they were with the LANDSAT color-composite images. Red beds 
show on Skylab Infared positive transparencies as distinct greenish-yellow 
units much as they show on LANDSAT infrared images, but with the Skylab 
photography only the deep red Permo-Triassic red beds can be recognized 
(Fig. ^2). Red beds that are present in the Wind River Formation (of 
Tertiary age) can be Identified only on LANDSAT infrared images. in the 
field the Terltary red beds are normally more of a rose color and are 
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Figure 42. Comparison of LANDSAT color composite imagery (left) and Skylab S-190A color infrared photography (right) showing the marked 
difference in presentation of Tertiary red beds on the LANDSAT and Skylab imagery. The red beds are distinctly yellow on the ERTS 
color composite but appear blue-white on the Skylab photo. LANDSAT color composite image 1013-17291; Skylab S I 90 A 
photograph, roll 37, frame 208, track 59, pass 28, Sept. 1973. 
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J variegated as compared with the deep solid reds of the Permo~Tr lassie 

units (Fig. ^3 ), but both can be recognized by a distinct yellow color 
on LANDSAT images. The Tertiary red beds are somewhat paler in color 
! on LANDSAT images than are the Permo-Triassic red beds, but, in most 

cases, it is difficult to be certain from a LANDSAT image which of the red 
bed sequences Is present. Thus, by using the LANDSAT infrared images 
’ and Skylab infrared color photographs in combination, it is actually 

possible to distinguish between Tertiary and Permo-Triassic red beds. 

The distinct dark tone (typically deep blue in color) that character- 
izes the black shales of the Thermopolis Shale and Mowry Formation on 
LANDSAT images is also apparent on Skylab infrared photographs, but the 
Skylab color Infrared photograph does not show as strong an enhancement 
as the LANDSAT image (Fig.41| ). The reason for the enhancement of these 
units in LANDSAT Infrared color composite image may be a function of two 
factors; vegetation enhancement and contrast. The vegetation enhancement 
is a negative effect because these shales support very little vegetation 
as compared with many of the lithologic units in the Wyoming section. 

Thus, they appear distinct as compared with other units that are more 
heavily vegetated and appear bright (or red) In the infrared. 

Figure shows that the Thermopolis Shale has extremely low reflec- 
tance throughout the visible and near infrared spectrum, and the difference 
between the reflectance of Thermopolis shale and other units increases with 
wavelength. The greater difference in reflectance in the near infrared 
should produce a natural "contrast stretch" In the near infrared band, 
but color infrared film is not as sensitive to infrared radiation as 
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Figure 44. Comparison of LANDSAT color composite imagery (left}, and Skylab color infrared photography {right), of an area in which the 
Thermopolis and Mowry shales are used as a geologic marker unit. Areas that are yellow on both the LANDSAT and Skylab images 
correspond to outcrops of Triassic red beds. LANDSAT color composite image 1013-1 7294; Skylab S-190A photograph, roll 21. frame 
211, track 62, pass 4, August 1973. 
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It Is to green- and red-band radiation (Fig. 46), so the difference is 
nullified. 

These same factors may explain the enhanced contrast between the 
Thermopolis shale and other units observed on the LANOSAT composite 
Image. First, the LANDSAT infrared bands extend further Into the Infra- 
red spectrum (1.1 urn) than does the infrared band of Skylab S-I 9 OA (.88 urn). 
Thus a greater proportion of the recorded energy comes from the "contrast 
stretched" infrared portion of the spectrum. Also, the LANDSAT scanner 
Is not limited by film sensitivity as is the Skylab photography, and the 
actual infrared scene brightness values may not be subdued relative to the 
red and green bands as was the case for the color infrared film. 

Skylab color photography is the best of the S-I 9 OA products for geo- 
logic mapping. All major geologic structures can be recognized, key units 
such as red beds can be traced over large distances, attitudes of bedding 
and the trace of faults can be delineated. An evaluation of the Skylab 
geologic map can be made by comparing Figure ItO and Plate 8. 

Specific geologic features noted on the Skylab color film positive 
are shown by number on Plate 12 . At locality one, Permo“Tr i ass i c red beds 
are accurately placed, although the lower contact is not in the same loca- 
tion as on the geologic map, because non-red beds of the Triassic Dinwoody 
Formation are not included in the remote sensing unit. Alluvium is ac- 
curately mapped at this locality. It was omitted on the regional geologic 
compilation (Pi. 8 ), but it does show on more detailed geologic maps 
(Phillips, 1958 ). Pediment gravel is well mapped at this locality; but, 
to the east, more pediment gravel is shown than was mapped by field geolo- 
gists. The extent of pediment gravel is only partially field checked but 
it is the researcher's opinion that (l) the field geologist shows too little 
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pedlfti&nt gravel because he ignores scattered thin veneers of gravel, 

(2) th'S photo interpretation shows too much gravel because small, patchy 
units jri? lumped into one large unit and small formation outcrops cannot 
be seertf and (3) the photo interpretation is a map of a surface with 
characteristic vegetation that may or may not have a uniform ground cover. 

At locality two, the remote sensing units mapped by the photogeologists 
are the dark shales of the Cretaceous Mowry and Thermopolis Formation 
that are so distinctive on LANDSAT color composite images and fairly well 
displayed on Skylab color infrared photographs. These units are not 
strongly expressed on the color photography, but are distinctive enough 
to be mapped. 

Locality three is the approximate contract betv/een the Mesaverde 
Formation and Cody Shale. This contact Is marked by a distinctive tone 
and textural change and is accurately mapped on that basis. The reason 
for this distinctive tone of the Cody Shale is discussed below. 

At locality four, the unit mapped is an Iron-stained, concret ionary 
siltstone within the Fort Union Formation. The unit is darker in eoior 
than surrounding rocks, it is an example of a remote sensing unit within 
a formation. 

At locality five, the line mapped is a contact between the Fort Union 
Formation and Quaternary alluvium. The alluvium was not distinguished on 
f the Skylab color photograph because it was not marked by characteristic 

vegetative cover. As noted in the discussion of red-band photography, it 
was only possible to map floodplain alluviui by the presence of vegetative 
f indicators. 
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The general quality of mapping alluvium and pediment gravel in the 
area of locality six was much like that of the red-band photograph ex- 
cept somewhat less accurate when compared with geologic maps of the area. 

For example, if a comparison is made of the pediment shown at locality 
seven in red band (Pl , 11), color, (Pl. 12) and the regional map (PI. 8 ), 
the red band is closer to the geologic map. In fact, it proves more accurate 
than the regional geologic map compilation when compared to available maps 
at 1:24, 000 . 

At locality eight, a small patch of red beds were recognized using 
the Skylab S-I 9 OA color photography. Geologic relationships are extremely 
complicated in this area (Pl , 8), but the Skylab interpretation was sur- 

prisingly accurate. At locality eight "A", red beds, with a red-orange 
color much like that of the Permo-Tr iass ie, are present. They were 
interpreted to be Tertiary red beds. In the field, they were seen to be 
as red as the Permo-Tr iass ic red beds which is an unusual color for the 
Wyoming Eocene red beds. Their interpretation as Tertiary is simply a 
best guess since no significant difference in color or texture was noted 
in the field between these particular Tertiary red beds and those of 
Permo-Tr i ass ic age. 

A comparison of Plate 12 and Plate 8 shows that major faults and 
folds can be distinguished on the Skylab color photograph at locality nine. 
Certainly, all faults were not recognized, but the major east-striking and 
northeast-striking systems were noted. Despite failure to distinguish some 
of the major lithologic units, the asymmetric anticline on the hanging wall 
of the South Owl Creek Mountains thrust was mapped. 
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Locality ten marks a part of the contact between a limestone-dolomite 
unit, consisting of the Bighorn Dolomite of Ordovician age at the base 
and the Madison Limestone of Mississippian age at the top- These litholo- 
gies are marked by high reflectance relative to underlying shales, lime- 
stones, and sandstones of Cambrian age* The contact is a good marker on 
most Skylab images. 

The Tensleep Sandstone Is also a unit of high reflectance, but, lo- 
cality eleven shows that the base of this unit was accurately mapped due 
to a difference in vegetation cover between the Tensleep and underlying 
units. 

Locality twelve is the contact between the Tensleep Sandstone and 
overlying Park City Formation- This contact is difficult to locate on 
the S-'ISOA color photography because the contrast in reflectivity between 
the dolomitic limestones of the Lower Park City and sandstones of the 
Upper Tensleep Sandstone Is not strong. In other areas {to the west) the 
Phosphoria Formation takes the stratigraphic position of the Park City 
Formation. The Phosphoria Formation characteristlcal ly has very little 
vegetation as compared with the underlying Tensleep Sandstone. 

A series of linear features noted on the Skylab Image at locality 
thirteen proved to be an area of minor faulting, again illustrating the 
value of space images for fault mapping. 

At locality fifteen, four contacts are mapped. The contact between 
the Park City Formation and Dinwoody Formation is accurately mapped be- 
cause gypsiferous units of the Dinwooty Formation have very high reflectance 
as compared with underlying beds of the Park City Formation. It Is also 


possible to pick both the lower and upper contacts of the major Trtassic- 
Jurassic red-bed sequence. This sequence extends from the base of the 
Dinwoody Formation to the top of the Gypsum Spring Formation and includes 
Red Peak Formation, Crow Mountain Sandstone, and Popo Agie Formation, in 
addition to the units previously noted. The units contain red siltstones, 
sandstones, and mudstones; and, in the Thermopolis area, only the Din- 
woody Formation could be distinguished from other red bed sequences. The 
Sky lab map also shows a contact of Quaternary alluvium that is fairly ac- 
curate, but extensive deposits of terrace alluvium present in this area 
are not distinguishable on the photograph. 

One of the most interesting features of Skylab mapping is the distinct 
tonal character shown by some shale units. The Cody Shale, of Cretaceous 
age^ appears as a very light-bluish-gray unit on Skylab color photographs. 
The Cody Shale can be accurately mapped over much of its outcrop area by 
use of this distinctive tone. In some areas, where the Cody Shale is pres- 
ent, its bluish tone is distinctly darker so that identification is un- 
certajn. In these areas the Cody Shale supports a relatively thick stand 
of grass and sagebrush. This is a good example of bedrock influencing 
vegetation, or an illustration of the fact that we must often map a rock- 
vegetation unit. Compared to the units that it contacts, the Cody Shale 
has a sparse vegetative cover. The typical vegetation is sage in bunches 
with little or no grass in association (Fig. 47). At localities marked 
sixteen the distinctive tone of the Cody Shale does not show on the Skylab 
color photograph although the Cody does crop out in this area. The tone 
of the unit is distinctly darker due to the more extensive vegetative 
cover. A thin soil has developed on the Cody Shale in these areas. 
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The soil is derived from slope-wash from sandstones of the Mesaverde 
Formation and Frontier Formation exposed at higher levels. The soil 
supports grass as well as sagebrush; hence, the change in tone seen on 
the photograph. 

At localities seventeen and eighteen^ study of the Skylab stereo- 
images indicates that all beds dip toward the northeast. This proved 
to be a problem in interpretation of the structural geology, because 
the Mesaverde Formation, that overlies the Cody Shale, should lie in 
the axis of a syncline with southwest-dipping beds on the northeast and 
northeast dipping beds on the southwest (Fig. 48). This area has not 
been mapped in detail, but unpublished mapping by geologists of the 
United States Geological Survey suggests that the Mesaverde Formation 
is exposed in a syncline. This area was, therefore, checked in the 
field and it was determined that the sandstones of the Mesaverde Forma- 
tion do, indeed, dip to the southwest on the northeast limb of the 
syncline. However, the dip reversal was so abrupt that it could not 
be detected on the Skylab photograph- Furthermore, beds of the Fron- 
tier Formation, that also should dip southwest, proved to be overturned 
by an unmapped thrust Fault present on the v;est limb of the anticline. 
This illustrates both the problem with the resolution of Skylab S-I 90 A 
photographs and the advantage of the space photography in drawing at- 
tention to areas where geologic mapping must be updated. 

Locality nineteen is an area where pediment surfaces are well- 
developed but show no distinctive vegetation patterns and cannot be 
recognized on the Skylab photographs. 
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Locality twenty shows a linear feature that proved to be a sharp 
fold rather than a fault. This problem is a common one and is simply 
another example of a partial, but not critical, misinterpretation that 
is the result of a resolution limitation. 

It was not possible to compare the Skylab S-^190B photograph with 
S-190A because S-190B camera did not obtain stereo-coveragii of this area. 
Some limited mapping was done on enlarged Skylab S“190B color photographs. 
An overlay was made from the Skylab S-190B interpretation. It compares 
to the geologic map with surprising accuracy. 

As a further check on the mapping potential of Skylab S-I 9 OB 
photographs, a photograph of the Thermopolis area was enlarged to ap- 
proximately 1 : 250 , 000 scale and used as a map base in the field. Figure 
A 9 is a geologic map of a small area near Thermopolis, Wyoming made using 
this technique. The map is superior to available reconnaissance geologic 
maps of this area (compare Fig. A 9 with PI. 8 ) and was completed In ap- 
proximately one and one-half days. Reconnaissance mapping is certainly one 
of the most useful features of the imagery. The Skylab base should be 
used in conjunction with a good topographic base at the same scale, and 
stereo-coverage should be used where possible. 

Comparisons of Skylab, LANDSAT, and Aircraft Data for 
General Geologic Mapping In the Horn Area 

A comparison of Skylab S-I90B photography, LANDSAT multispectral 
scanner imagery, and high-altitude aerial photography was made to deter- 
mine the importance of image resolution in geologic mapping from space 
imagery (Houston, 1973b). The test site was the Horn area or the east 
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flank of the Bighorn Mountains (Fig. 50 ) , where folded and faulted rocks 
of Paleozoic and Mesozoic age are partially exposed through a cover of 
Tertiary and Quaternary sediments. 

Initially, a geologic interpretation was made from the LANDSAT 
data for a large area corresponding to the 1 : 250, 000-scale Arminto map 
(latitude ^3 to degrees north, longitude IO 6 to I 08 degrees west; see 
Houston, 1973 b, p. 85 ). This map was compared to the Wyoming Geologic 
Map (Love and others, 1955) and was found accurate throughout most of 
the interpreted region. However, the structurally complex Horn area 
was not adequately mapped from the LANDSAT imagery. 

A second interpretation of the Horn area was then compiled from the 
Skylab S-I 90 photography (Fig. 5l)« This interpretation shows that the 
Skylab S-I 9 OB photography offers significantly more geologic detail than 
does the LANDSAT image (Fig. 52). Much of the area not adequately mapped 
from LANDSAT was accurately mapped from the Skylab photo interpretation. 
However, even the high-resolution stereo photography from the S-I 9 OB 
camera was not sufficiently detailed to map the very complex structure 
near the south end of the "Horn", Consequently, the South Horn area was 
selected for more detailed examination via 1:120,000 scale color infrared 
aerial photography. 

The resulting photogeologlc interpretation (Fig. 53) yields detail 
comparable to i : 1 25,000-scale geologic maps (Hose, 1955; Richardson, 1950; 
Fig. 5^). In a few areas the accuracy of the photogeologic interpretation 
is better than that of the detailed maps; but, in other areas (particu- 
larly those where vegetation is dense) the interpretation lacks the detail 
of the field maps. 
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Fxgure 50. Index map showing the 
Skylab, ERTS (LANDS AT) 
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Figure 53- Photogeologlc map of the Horn area pre- 
pared from color Infrared aerial photo- 
graphy (NASA Mission 72-138, Sept. 10. 
1972). 
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The results of this study suggest that the quality (accuracy) of 
a photogeologic Interpretation hinges upon three main factors: 1 ) the 

image resolution and InterpretabM i ty , 2 ) the geologic complexity, and 
3 ) the amount of vegetative cover. Consequently, a new level of utility 
is achieved with each successively higher resolution imaging system. 
However, in situations where image detail is adequate from the 
satellite sensor systems, an acceptable reconnaissance map is easily 
constructed from the satellite data; and the greatest mapping efficiency 
achieved by using the satellite imagery for the initial photogeologic 
compilation and the more detailed information, provided by aerial photog- 
raphy, supplements this interpretation in geological ly complex or covered 
areas , 

Stereoscopic presentation and rock color information are also im^ 
portant image qualitites affecting the image i nterpretabil i ty , These 
qualities are advantageous in almost all types of geologic terrain. 

Evaluation of the Skylab S-192 Imagery of the Hyattville Area 

Skylab S-192 images were compared and evaluated for an area on the 
west flank of the Bighorn Mountains near Hyattville, Wyoming (Fig. 39 ). 

The major geologic structures in this area are a series of northwest- 
striking folds developed in Mesozoic and Early Tertiary sedimentary rocks. 
The eastern part of the Hyattville area is a series of westward-dipping 
hogbacks found in the Paleozoic sedimentary rocks- 

Evaluations and comparisons of the S-192 images were done both 
qualitatively (by visual inspection) and quantitatively (by densitometry). 
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Twelve of the thirteen S*-192 bands (all except band 6) were available 
in image format for the Hyattville area. 

(iualitative Evaluation 

Visual inspection of the S-192 images (Fig. !>5) reveals band-to-band 
characteristics similar to those of S-190A photography; but the contrast 
between rock units is clearly greater In the infrared bands. The blue 
band {0. ^1-0. 46) is the poorest of the twelve bands due to scattering 
of the blue light (haze) and noise in the system. The blue band is of 
very little value in mapping. The blue/green (0.46-0.51) is a relatively 
low-contrast image as predicted from the rock spectra (Fig. 45)? hut it does 
show red beds as distinctively dark. Carbonate rocks (Niobrara Formation) 
are the only rocks that are particularly bright in the blue spectral region. 
Band three (green, 0.52^”0*S6) is also a low-contrast band, as predicted 
from the spectral reflectance curves, but contrast is somewhat higher 
than in the blue bands. Red beds are very dark in this part of the spec- 
trum (Fig. 45, Chugwater Formation). The green band is not well-suited 
to geologic mapping. Band four (green-red 0.56-0.61) is not very useful 
for geologic mapping because contrast between rock units is not strong 
in this spectral region., but the green-red band shov;s effects related to 
absorption by chlorophyl i in plants. Contrasts in biomass are enhanced 
and structural features marked by rock units that have low or high biomass 
are enhanced. The green-red band appears to be most suitable for struc- 
tural studies. Several small closed anticlines v;ere noted on this band 
that were more difficult to detect on other images. Band five (red, 
0.62-0.67) is a Ipv^-contrast image that Is not suitable for geologic map- 
ing in this area. Band six (red, 0.68-0.77) was not available for 



Figure 55 


Skylab $-192 images of the Hyattville area 
that the infrared bands shov*y greater contr 
the visible bands. 













evaluation, but would be expected to show particularly good information 
for mapping vegetation or rock-vegetation units* Band seven (0*78-0*88) 
was expected to be useful in detecting rocks rich In ferric iron due to 
the ferric ion absorption band in the 0 . 86 -um range. The best test for 
this is the sedimentary red beds that contain ferric iron in moderate 
amounts. Inspection of these units on the imagery shows that absorption 
in this range is masked by the general Increase in reflectance in the 
infrared. Visually, the red beds seem slightly darker in band 7 as com- 
pared with band 8 , suggesting a slight change in reflectance. This effect 
might be useful in mapping ferric iron-rich rocks such as hematite iron 
formation; but the relatively small (< 3 %) concentration of ferric Iron 
in red beds does not control the reflectance in this spectral region. 

Band 7 shows good contrast between most sedimentary rock units. This may 
be a characteristic of many of the near infrared bands where spectral 
response curves for a typical group of Wyoming sedimentary rocks (Fig. 

^5) and spectral response curves of other common rocks (Fig. 56) show 
greater differences in percent reflectance for the infrared region than 
for visible range. 

Band eight (O. 98 -I.O 8 urn) shows good contrast between most rock 
units. Band 8 records reflectance in a spectral region containing a fer- 
rous iron absorption band that should be quite helpful in studying iron 
rich rocks such as pyroxenite, gabbros, or peridotites with abundant 
pyroxenes. Most sedimentary rocks are not characterized by high ferrous 
iron so this absorption band may not be particularly useful in the study 
of sedimentary rocks. A green sandstone of the Frontier Formation 
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(ng.i*5 ) seems to show a spectral response suggestive of the presence 
of ferrous iron, but none of the sedimentary units In the test area are 
known to be rich In ferrous-iron, and none are enhanced in band eight. 

Band nine (1.09-1.19 um) shows excellent contrast between rock 
units and Is useful for geologic mapping, but none of the common sedi- 
mentary rocks seem to have distinctive spectra in this range. 

Band ten (1.20-1.30 um) is quite similar to band nine in all re- 

Spff'CtS. 

Band eleven (1.55-1.75) is in the spectral range where vigorous 
vegetation does not have high reflectance. Sedimentary rocks have good 
contrast but not as strong a contrast as in the 0.8-1.20 um range. 
Basically, the band 11 Image is uniformly lighter in color for all rock 
units, a condition which may be due to the uniformly higher reflectance 
for almost all rocks in this spectral region. 

Band twelve (2.10-2.35 um) shows about the same characteristics 
as band eleven except that contrast is less and the Image has an overall 
brightness greater than band eleven. Band 12 spans the 2.2 um region 
where altered rocks should show a reflectance low related to absorption 
by clay minerals. None of the rock units in the Hyattville area are par- 
ticularly distinct on this band. 

Band thirteen (the thermal infrared band) Is uniformly bright and 
low contrast. The only features then that can be recognized are slopes 
of contrasting low and high emlttance on hogbacks and in canyons. Low 
frequency noise is particularly bad on band 13. 
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Conclusions drawn from the qualitative evaluations of the S-192 
imagery suggest only that the near Infrared bands show higher contrast 
between rock units than visible'- snd thermal Infrared bands. No defini- 
tive conclusions were drawn as to what bands or band combinations would 
be most useful for geologic mapping. 

Quantitative Image Evaluations 

A quantitative analysis of the S-192 Imagery was undertaken in an 
attempt to define the "best" bands and to construct color composites of 
those best bands for visual enhancement of lithologic contacts. The 
Hyattville area was chosen as the test site. In the quantitative analysis 
film opacities were measured for fifteen geologic units along traverses In 
tersecting twelve lithologic contacts. Differences of opacity were then 
used as contrast values for comparison of the different S-192 bands. The 
possibility for photographic enhancement of. lithologic units depends 
upon the assumption that a rock unit will reflect in a unique spectral 
pattern which is different than that of neighboring units. The spectral 
pattern is recorded digitally by the S-192 system and reconstructed as 
separate images representing each of twelve different spectral bands. 

Any enhancement technique should maximize the difference in spectral pat- 
terns exhibited by neighboring units. There are two ways of doing this: 

1) by computer manipulation of the digital data, and 2) by optical, or 
photographic manipulation of the imagery provided by NASA. A subsequent 
study has examined the relative contrasts directly from the digital data. 
The petrology of each rock unit is not the only factor controlling the 




spectral reflectance pattern exhibited by the outcrop area of a rock 
unit. Other controlling factors are: 1) degree of weathering, 2) vege- 

tation cover, 3) sun angle and azimuth, A) viewing geometry, 5) slope 
angle, 6) temperature, 7) water saturation, 8) atmospheric conditions 
and the optical depth of the atmospheric column, 9) shadowing, and 10) 
the attitude of the outcropping beds (Houston and others, 1975) P* 10^)* Any 
analysis of mul tispectral images must consider these complications and 
should be accompanied by a field check of critical relations. 

Visual enhancements are normally presented as color contrasts. 
Variations in color are dependent upon three psychological factors: hue, 

saturation of hue, and brightness. In making an additive color composite, 
these factors can be predicted by estimating the amount of each primary 
color present for a given unit in the three bands of the color composite 
(Wenderoth and others, 197A, Ch. 3). Thus, by taking any combination of 

bands of an S*192 image, a color composite can be formed whose colors 
can be predicted by measurement of the opacities on each band and care- 
ful control of the compositing process (lauer and others, 1975)- 

Before constructing color composites, it is necessary to select ap- 
propriate bands to be used as components of the color composite* This 
was accomplished by determining the total geologic contrast 
exhibited by each spectral band and then selecting three of the higher- 
contrast S “192 bands representing broadly different spectral regions. 

Relative opacity values were measured for fifteen lithologic units 
on each S-192 band* The opacity values were measured using a Spatial 
Data Systems video densitometer (Fig. 57). Figure 58 presents the data 
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Figure 57- Photograph of the Spatial Data video ar«alysis 
system used in making density measurements 
from the Skylab S-192 imagery. 
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transmittance (the inverse of opacity) versus the band (wavelength) 
measured. The density contrasts between units are also plotted as histo- 
grams. Some units show clear patterns of changing density with wave- 
length (unit 11, for example); for other units, no strong spectral pat- 
tern is apparent. 

The contrast values between units are consistently greater In the 
infrared range. Figure 59 shows summations of all contrast values for 
all fifteen units plotted by wavelength/band. The near infrared bands 
can clearly be seen to display the greatest total amount of contrast. 

The reason for this is not altogether clear, but the low frequency noise 
in some of the visible-range bands and in the thermal infrared band is 
at least partly to blame for their low contrast rating. The trend to- 
ward higher reflectance of rocks in the infrared spectral region (Fig. 

56 ) may also be a contributing factor. 

The densities for the various units are plotted for each band in 
Figure 60 . Using these, one may predict the hue of a color produced by 
combining three of these in a standard additive color composite — as 
shown in Wenderoth and others (197^). For example, if bands 1, 3, and 
5 were displayed in primary colors blue, green, and red, respectively, 
the hue for unit 5 would be composed of; 

Unit 5 =?= 8 blue + 7-5 green + 6 red (assuming saturation and 

brightness values are the same for each color) or 37-2% 
blue, 3 ^. 9 ^ green, and TJ .3% red. 

Using this procedure, the various bands were compared to identify 
band combinations where the density proportions for a rock unit differ 
greatly from the proportions for an adjacent unit. This contrast should 
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produce a difference in hue In a color composite. This procedure was 
attempted (Fig. 61} but the results were poor. The resulting diazo com- 
posites produced little (if any) enhancement of the lithologic contacts. 
Closer examination showed that none of the diazo duplicates recorded the 
full range of grey levels present on the original transparency imagery, 
and contrasts were generally reduced. This loss of contrast reduces 
the information content of each diazo duplicate such that the advantage 
gained in the color rendition was largely counterbalanced by the loss of 
contrast . 

The value of densitometric measurements, such as those mentioned 
atove, is that they provide relatively quick ways of comparing different 
mul t i spectral bands, and also provide checks on enhancement techniques. 
Clearly the diazo cjmposite method is not an optimum compositing technique. 
Alternate ways of constructing color composites (digital, optical, or 
video) are available and should serve to produce color enhancement, pai — 
ticularly if the raw data can be '’contrast stretched" prior to compositing. 
The dehsi tometric measurements are useful for predicting possibilities for 
enhancement of a given contrast by color compositing. 

The dens i tometeri c analyses of the S-192 imagery confirm the results 
of the qualitative comparisons of the S-igz mul t i spectral images. The 
near infrared images do have higher contrast than the visible and thermal 
infrared bands. The densitometric measurements also allow selection of 
"best" bands to be used either separately or in combination. For the 
Hyattvilie area bands 7> 8, and 12 yield the highest total contrast values 
(Fig. 59 ) but bands 9 and 11 are also relatively high Contrast. All of 
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these "best" bands lie in the near infrared region. Three (bands 9, M, 
12) represent data in the spectral region beyond the LANDSAT bands and 
the photographic spectral range. Consequently, we may conclude that 
much of the best data for lithologic mapping is not recorded by LANDSAT 
or by any photographic technique. 

This conclusion is left somewhat in doubt, however because the 
Skylab S-192 scanner data and the images used in this analysis have not 
been calibrated to a precise base level. Apparent differences in con- 
trast may be the result of variations in the sensor sensitivity or of 
variations in film processing. 

Contrast values recorded on computer maps printed from the 5^192 
digital data were correlated with the image contrast values to determine 
whether or not film processing errors are significant. Results of 
these comparisons are discussed in the following sections. 

Digital Evaluations of S-192 Data 

The digital computer analysis may be divided into four phases. The 
first phase consisted of developing and confirming computer programs to 
read the NASA tapes and dependably retrieve reflectance data from selected 
geographic areas. The second phase involved the production of computer 
alphanumeric maps with the on-line printer for each of the thirteen re- 
flectance bands. These were verified by comparison with the photographic 
coverage of the same region. In the third phase, paii — wise clustering 
was studied from two-dimensional frequency histograms of sites sampled 
from the test region. Histograms for each of the seventy-eight pairs 
possible from the thirteen reflectance bands were visually inspected and 


alphanumeric maps were prepared for the several pairs showing the great- 
est apparent clustering tendencies. The fourth phase consisted of 
applying R*-mode and Q-mode factor analysis to the reflectance vectors 
in the test region and preparing alphanumeric maps of the weights on 
each factor. 

Tape Read Problems . The decoding of the NASA tapes to obtain re- 
liable data on the selected test region took much longer than was an- 
ticipated. 

The data were furnished on two 7“track 800 bit/ inch computer com- 
patible magnetic tapes. The pre-processing (by Johnson Space Center) 
consisted of scan line straightening, GMT to scan line correlation and 
latitude and longitude to field of view labeling. Along with the tape 
13 positive transparencies corresponding to each of the 13 scanner chan- 
nels of the tape data were furnished. Also received was one data format 
control book (TR5^3) • 

Much of the data given in the Data Format Control Book does not 
specif Icaily describe the computer tape, and much of the basic desciptive 
information that was supposed to be included on the tape was missing. 

Some of the ancillary data which was present also proved Incorrect. 

Approximately of the Information data block was missing. Only 
a small portion of this was pertinent to this geological mapping project. 
However, the missing data did cause some suspicion Goncerning the accuracy 
of the reflectance data. Of the data not included, which was of impor- 
tance In mapping, was the scanner calibration Information, Also missing 


were the start and stop locations (bytes) of test calibration data 
points. No indication was given on the tape or In the data format book 
concerning the presence or lack of calibration, or scaling gain or bias 
factors- This scanner calibration, which by all indications in the 
format book had to be present but v;as net present. 

This lack of information led to uncertainty concerning 1) the actual 
starting location of the data sets, 2) the location of this information 
within the reflectance data, and 3) how many bytes of test data were 
present. The importance of knowing the starting locations of the data set 
can be appreciated when one realizes that calibration data is visually 
indistingui sable from true reflectance values. 

Also, when combining different reflectance sets, information con- 
cerning the range and scale of values is helpful. The problem of scale 
becomes obvious when one compares the reflectance values from the one 
data set which was repeated on the tape. Both normal- and half-resolu- 
tion values were furnished for the thermal infrared band (10.2 - 12.5 u) . 
Upon inspection of this band, It becomes obvious that one of the data 
sets is comprised of values consistently 30 % greater than the values 
for the other correspond ing data set. No indication of differing cali- 
bration or scaling was provided. Clearly, one of the two bands was not 
a true representation of scene brightness. 

One other difficulty was the problem of precise registration of the 
or more data sets (pixel to pixel) for interpretation or manipulation. 

The registration was complicated by the original tape formating. The 13 
distinct bands were grouped together by scan line. Each group includes 
a short ancillary information data set. In addition to the two differing 
resolution types (one comprising twice the number of points as the other 
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set), there are three different starting locations for reflectance 
values within each scan line set. 

Digital enhancement involves alignment of corresponding data from 
different energy levels {light frequencies) so that one can emphasize 
different data, or data trends which aid in distinguishing features of 
(geologic) importance. To compare different data sets, exact alignment 
of corresponding ground locations represented by the data must be made 
for different bands. Registration proved to be difficult due to the 
different resolutions and the noncorresponding starting locations. 

Alphanumeric Maps . Alphanumeric density level maps were prepared 
for each reflectance band and v/ere compared with the image represent 3 Lion 
of the band provided by NASA. These density maps generalized the re- 
flectance data into 26 discrete brightness levels so that observed pat- 
terns could be directly correlated with the image patterns. However, 
they provided no substantial improvement in i nterpretabi I i ty of the 
S-I 92 data. The density level maps did allow a roughly quantitative 
cheek of brightness contrasts across known geolog i c contacts . There- 
fore, they served as a check for the image contrast determinations made 
via image densitometry. The digital maps confirmed the contrast relation- 
ships measured from the S-192 imagery. 


Pair-wise Visual Clustering, Let R, and R, denote the reflectances 
— iP JP 

in the i-th and j-th bands respectively for the p-th pixel (or site)* The 

* . , /min R, , max R. \ i ^ , i- • 

interval ( p ip p ip) was divided into a reasonable number of sub- 
intervals. Similar sub- i nterval s were laid out for R, * Finally, the 
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reflectance values for each pixel were classified according to the pair 
of sub* i nterva 1 s within which they fell (i.e. which cell). The number 
of frequency of pixels in each cell were tabulated to produce a two- 
dimensional histogram. If many pixels had reflectance values In the 
same range for and the histogram would show high frequency for 

the corresponding sub-intervals. 

An alphanumeric map was prepared on the cell frequencies to locate 
any clustering present for every possible choice of pairs of reflectance 
bands. The clustering observed was quite disappointing. [generally, the 
frequencies ’^smeared out“ in an elongated cloud of relatively high values 
with “knobs*' of slightly higher frequencies here and there. 

On the chance that these “knobs*' of high frequency were not just 
random fluctuations, the two-dimensional frequency space for several of 
the more “bumpy" frequency maps were visually partitioned into regions 
surrounding each *'bump“ or cluster. An alphanumeric symbol was assigned 
to each “bump*' and the pixels or sites having reflectances falling within 
the region around the “bump** were printed on a geographic or aerial map 
with that symbol. 

For example, if there were a substantial fraction of the area of 
the region covered by water, there would be a high frequency of reflectance 
values in the range of reflectances character i st i c of water. This would 
show up as a cluster of high frequency in the histogram alphanumeric map. 

The Tetter assigned to this cluster would then print out on the geographic ; 

map indicating reflectances characteristic of water relative to the two 

I 

reflectance bands involved in the histograms. 

'j 

i 
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The technique falls If the region does not have sharp reflectance 
differences belv-jeen the significant ground features. Then the frequen- 
cies do not show distinct clumps or clusters, but rather a gradual 
gradation from one ground feature signature to another* 

The parr-wise visual clustering classification and consequent geo- 
graphic map produced disappointing results in the Big Horn Basin test 
area. Apparently, the regional colors grade from one to another in a 
very gradual way with little of the dramatic contrast needed for useful 
cl uster I ng * 

Factor analysis and factor v^eight maps: Let the vector of reflectances 

at a given pixel or site be designated by R * That is. 


R' = (R, , , R. . . . R,_ ) 

-p Ip’ 2p* 3p 13p 

where R. is the numerical value for the i-th reflectance band at the 

Ip 

p-th pixel. Factor analysis is a group of procedures which attempt to 
determine factor vectors, * * ‘ that 


R = W. F + F^ + 

--13 1 P-. 2p-2 


W, F. 
kpHc 


and K is as small a number as possible, !n the above representation, 

W, is a number, depending on the pixel, p, which is called the weight 
I P 

for factor at that pixel. The factor vectors are independent of the 
pixel index, and in the present case have 13 components: 


- "'ii 


F,,, F 

I 2 1 3 
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Factor analysis methods are not procedures for producing a unique 
answer from a given data set, but may be better characterized as a 
"hunting license" permitting a search for significant representations 
of the data in terms of linear combinations of various f.'^ctor vector 
sets . 

The significance of factor analysis for computer mapping of multi- 
component^ remote sensor data lies ;n the possibility that various factor 
vectors or assemlbages of reflectance values may characterize particular 
ground features (e.g. rock formations) v;hich are present simultaneously 
with other types of ground features (e.g. vegetation patterns). An 
alphanumeric geographic map of versus pixel position, where 

the vector factor representing the rock type, would then effectively 
strip away the vegetation factor and emphasize that aspect of the re- 
flectance vector which carries information on the geology. 

Two basic factor analysis approaches were studied relative to the 
Big Horn Basin test area. These are the R^mode and Q-mode techniques. 

Each will be discussed, in turn. Briefly, the results v^/ere that the 
R-mode analysis did not appear to lead to useful results, while the Q- 
mode methods showed much promise. In fact, a computer program was developed, 
(later found to be a variation on a method proposed by Klovan and Imbrie (1971), 
which allowed Q-mode analysis to be applied to the very large sets of S-igZ 
data. In most previously published geological studies involving Q-mode, 

(Klovan, 1975), the method was restricted by computer capability to a hundred 
or fewer locations. By contrast, in the present study, Q.“mode factor analy- 
sis was done on 108,000 locations through the new computer algorithm. 
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R-Mode Factor Studies . Let D be a matrix with n rows and N 
columns, where n denotes the number of variables (reflectance bands in 
current study) and N designates the number of locations (pixels or sites 
within the text region). The (i,j) element of D, designated by Djj, 

is the reflectance, R. , for the i-th band at the pixel or site cor- 

'P 

responding to the j-th location. 

In R-mode analysis, the mean and standard deviation for the i-th 
row of D are computed from the formulas: 


D. ^ 


N 

E 

j=1 


D. . 
ij 



N 



1/2 


The data matrix is then converted to a new normed data matrix, with 
elements, Z„ where 

K, tj 



The matrix of correlation coefficients, R, relating the variables is 
given by 

R^^z-Zr. 

where the prime stands for the matrix transpose. The symbol, R, is 

the source of the terminology, R-mode, designating this procedure because 

R provides the basic starting point for determining the factor vectors . 

The justification for the procedure is given in Appendix A. In 
brief, however, a sequence of constants, A., called eigenvalues, are 
determined from the equation 
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Determinant (R-X*!) - 0 

There v/ill be n of these: X,, X-, • • X . Each defines a factor 

I 4 n 

, which Is called the eigenvector of R corresponding to A., and Is 
computed from the equation 

RF, A.F. 

If the eigenvalues are numerically different from one another, the re“ 
suiting factor vectors will be perpendicular to one another and each 
may be adjusted to unit length. 

if the eigenvalues are then ranked In order of decreasing size and 
the factor vectors are correspondingly ranked, the first k factors will 
'’explain" 

1 ^ 

" i=l 

a fraction of the total variance in R. 

For the Big Horn Basin test area, R-mode analysis on three randomly 
selected sites produced 8 factor vectors which explained 35% of the total 
variance. This is really very little reduction from the 13 components 
in the original data sets. Hence the method was dee*/ed to be unsuccessful 
for this case. 

The method was similarly tried on other sets of randomly selected 
sites and, in each case, the numbers led to the same conclusion. Hence 
the method was abandoned in favor of the more promising Q~mode methods. 
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tl-Mode Factor Studies , The development of Q.-mode factor analysis 


is similar to that for R-mode with several significant differences. Let 
D be the n x N data matrix of reflectance values as defined earlier. 
However, this time it will be normed differently. The columns of D will 
be normed to unit length by the formulas 


L. = ( s or.) 


2 , 1/2 


IJ 


and 


. , = D. ./L, 
Q. fj IJ J 


Each colum of represents the re/lectances at that location after 
"brightness" or "faintness" has been adjusted so that all are at the 
same general intensity (i.e., unit length). 

After this norming, how should the similarity or dissimilarity of 
the reflectances at two sites be measured? One appealing measure is 
the cosine of the angle between the two vectors. This cosine is defined 
by the scalar product 

n 

cos, == S Z- ;,Z„ . 
km 0., I K Q,, i m 

If the two normed reflectance vectors are identical, the cosine will be 
unity. If they are perpendicular to each other, in the vector sense, 
the cosine will be zero. In a natural way, the cosine measures similarity 
between sites. This is contrasted v/ith the correlation coefficients in R 
which measured degree of relationships between reflectance bands as 
averaged over the region. 
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An N X N cosine matrix providing the cosines between all sites is 
obtained by the equation 

C = Z ' Z 

Q Q. 

The standard procedure for determining factor vectors from C is based on 
the eigenvectors and eigenvalues of C. The procedure is as follows: 


Let Xj, 


2 


X 

3 


X 

N 


be the ordered eigenvalues of C determined from 
determinant (C - X^l) = 0 

and » y .2 • * ‘ corresponding eigenvectors derived from the 

f o rmu 1 a 

CV. = X.V. 

-J J-J 


The eigenvalues for j > n 

matrix C is at most n. 

> » 


win be zero in this case because the rank of the 
The vector factors, F^. may be computed from 


Ij = 


The first R factor vectors will "explain" 


1 

N 


E 

j=l 


fraction of the length of the vectors in C. 

Q.-mode analysis is intuitively very appealing in geological studies, 
and has, in fact, been used quite effectively in a variety of earth science 
applications. The main difficulty has always been, however, that the ma- 
trix, C, had to be kept small enough for computation of the eigenvectors. 
That is, if 200 locations or sites were involved, C is a 200 x 200 matrix 


127 


and computer storage for a direct approach to the eigenvectors of C 
begins to be a problem. Certainly the 108,000 locations In the Big 
Horn Basin test area threaten the computer with impossible ‘'indigestion." 

One method for overcoming this problem was reported in an earlier 
NASA report (Houston, Marrs, and Borgman, 1975). The method determined 
factors by (j-mode analysis of sets of locations of tractable size and 
then combined them to obtain acceptable overall factors- The sequential 
Q-mode procedures were applied to 777 sampled sites and produced quite 
acceptable factor sets with one very dominant factor explaining over 98 ^ 
of the total length of the vectors in and two or three additional vec- 
tors explaining the majority of the rest of the total length. 

This appeared promising enough to deserve further effort. While 
re-examining the whole problem of Q.-mode analysis on very large data 
sets, a computer algorithm was discovered which makes such computations 
quite simple. This method was later found to be a variation of a tech- 
nique outlined by Klovan and Imbrie (1971). At any rate, as a consequence 
of the new computer program, a Q.-mode factor analysis was run on the 108,000 
pixels in the test area. The eigenvalues and factors produced are listed 
In Table 4, 


r 
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Table Summary of eigenvalues and factors computed through Q,**mode 
analysis of Hyattville area S-I92 data. 


j = 1 

Xj = 

.98844 

2 

,00517 

3 

. 00203 

4 

.00148 


Factors : 

1st 

2nd 

3rd 

4 th 

Band 

i 

1 

.10240 

.18692 

- . 23624 

-.09554 

Green-Yel low ( .56”*61ym) 

2 

. ’ '•507 

.28924 

- . 4541 4 

-.19125 

Orange-Red ( .62-.67ym) 

3 

. 1 2920 

.28356 

.23215 

-.01564 

IR (.78-.88ym) 

4 

.13420 

.35157 

-.22595 

.11777 

IR 0 . 55 - 1.75pm) 

5 

.12151 

.28651 

-.34220 

.11615 

IR (2. 10-2. 35pm) 

6 

•51754 

-.23440 

-.19352 

.73040 

Thermal IR (10.2-I2.5pm) 

7 

.16102 

. 401 I 6 

.32231 

.11309 

IR (1 .20-1 .30pm) 

8 

.15241 

.31609 

. 36925 

.00438 

IR (. 98 - 1 . 03pm) 

9 

.62774 

-.37327 

.27163 

-.26939 

Thermal IR ( 1 0 . 2-1 2 . 5pm) 

10 

.32864 

.06362 

-.25477 

-.36177 

Violet-Blue (.46-. 51pm) 

1 1 

.16681 

.35972 

.31071 

. 06647 

!R (1 .09-1 .19pm) 

12 

. 2.6852 

-.05455 

-.05456 

-.41396 

Violet (.41-. 46pm) 


The agreement of this overall analysis with the sequential analysis of the 
777 pixel set was quite close* The sequential analysis took about 40 min- 
utes computer time* The new algorithm required only about 30 seconds once 
the data had been read into the computer. The interpretation of the factor 
table and its consequences in mapping is as follows: 
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The first factor may be interpreted as representing the dominant 
“color*' of the region. Its overwhelming dominance of the other factors 
shows why the stra ightforward attempts at cluster mapping failed. The 
region is almost entirely uniform and presents no strong contrasts. 

The second and subsequent factors represent orthogonal deviations or 
“anomalies" from the regional reflectance. Considering each of them In- 
dividually, strips away the regional color and mathematically looks only 
at various ^ pects of the pattern producing features. 

The second factor vector Is high in near infrared, (1.09-1.75 urn) 
and low in thermal (10.2-12.5 urn) bands. It emphasizes certa i n of the 
vegetation and dark heat-poor areas. A factor weight map for this factor is 
given in Figure 62. High weights (dark-toned regions) indicate high 
IR - low 0 jR The black shale streak trending di.agonally across the top 
of the map shows up quite dramat I cal 1 y . It is a dark toned area (low 
IR - lower 6 |R). The river bottom and certain of the vegetation patterns 
are depicted by light colored patterns (low iR- high 9IR), 

The third factor is low in orange-red (.62-. 67 urn) and one of the 
IR bands (2.10-3*35 urn) while it Is high In two other IR bands (.98-1.03 um 
and 1.20-1.30 um) , The factor weight alphanumeric map for this factor is shown 
in Figure 63* Certain different veegtation patterns seem to be enhanced by 
this map as represented by the positive weights. The red shale beds in the 
lower part of the map appear to be showing up well. Also certain of the drain- 
age features are enhanced, particularly in the lower left corner of the area. 

The fourth factor is high in thermal (10.2-12,5 um) and low in violet 
ana violet-blue (.41 -.51 um) . This factor may be reaching dovjn into the 
background noise since scan-line arcs shov/ up strongly on the alphanumeric 
map. The particular combination of bands In the fourth factor vector seem 
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Alphanumeric pattern map at the Hyattville test area. Values plotted were computed via Q 
mode pattern recognition. All points are scaled according to their component (weight) rel 
tive to Faetor 2. 



Figure 63< Alphanumeric pattern map of the Hyattville test area- Values plotted were computed via 
Q-mode pattern recognition. All points are scaled according to their component relative 
to Factor 3 - 


to "erase’^ the strong pattern of vegetation along Paint Rock and Alkali 
Creeks. Whether the map resulting from the fourth factor is significant 
or not is not clear at this time. Therefore a map of the fourth factor 
is not included in the report. 

Preliminary evaluation of the alphanumeric maps (Figs. 62 and 63 ) 
produced with the weights (for factors 2 and 3 ) from the demode factor 
analysis of the digital S -]31 data demonstrated general utility for dis- 
crimination of ground patterns. Maps for d-mode factor sets two and three 
proved useful in differentiating classes of vegetation, geology, and drain- 
age freatures. Factor set four did not produce any apparent distinction 
between ground patterns. 

Figure 6 A, an S-I 90 A color photograph of the Hyattville area and 
eastern Big Horn Basin was compared directly to the factor maps. The 
photo shows the Mesozoic Chugwater Formation which is readily visible 
as a reddrsh band across the photo. Also evident in the photo are the 
various bluish shades which represent vegetation (grass, sagebrush, trees). 
Gullies and ridges are apparent- The distinctive dark areas with strong 
geometric patterns are areas of irrigated fields along tributaries to the 
Bighorn River. Hyattville is located near the center of the map area (Fig. 

65). 

The computer map derived from the tv;e1ve Skylab S-192 bands using 
factor 3 weights (Fig. 63) shows dark areas corresponding to areas of heavy 
vegetative cover and/or red shale outcrops. Light toned areas correspond 
to all classes that have been suppressed. The No Wood River valley runs 
along the bottom edge of the map, and branches northward into Paint Rock 
Greek and Alkali Creek. Irrigated land along each of these creeks is 
represented by the pattern of dark dots on the image. These computer maps 






v; 

T53N'iL* °- 










^9N k*^'%Lc:.sis£ 






^ Wii-AS^ \ Aw i// V lK\ ^ ^ ^ 






\ / 

\ 






>\ . W 



\\—r 




Figure 65- Topographic map of the HyattvMle test area (A.M.S., 1 : 250, 000- 

scale, Sheridan two-degree sheet). Map area corresponds to region 
covered by color photograph (Fig. 6^). Area outlined corresponds 
to region of figures 62 and 63 analyzed by computer. 
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were correlated with the imagery and geologic maps using a Bausch and 
Lomb transfer scope. 

The correlations showed that the pattern of points corresponds to 
areas of densest vegetation on the image. Sparsely vegetated zones (ridges 

and gullies) in this more mountainous region lie within the white areas not 
identified by the computer as regions of heavy vegetation. The line of 
points running horizontally across the bottom of the map corresponds very 
well to the red shale outcrops. It follows the trend of the rocks and 
widens out where the iron rich soil has washed over the basin. 

The ability to discriminate outcrops of red (iron enriched) rocks Is 
valuable in geologic mapping and in prospecting for uranium roll fronts (or 
their correspond i ng oxidized alteration zones)- 

The factor 2 alphanumeric map of the Hyattville area was designed to 
suppress both zones of heavy vegetation and zones of no vegetation. Only 
the regions of light vegetative cover were assigned symbols. The heavily 
vegetated river valleys are blank areas. The distinctive^ thin line cutting 
across the top of the map corresponds to the black Mowry/Thermopol i s shale. 
The shale outcrop is apparent in the photograph as it cuts across Paint Rock 
Creek near its intersection with No Wood River. 

Figure 62‘ does not emphasize the red beds. Its major application may 
be in vegetative discrimination^ which can be accomplished with more ef- 
ficiently than with the factor 3 map. 

Additional Comments on Q-Mode Analysis . The (i-mode procedures ap- 
pear highly promising, particularly in light of the speed with which the 
factors can now be determined from all the pixels in a region selected for 
alphanumeric mapping. The new computer algorithm makes possible a number 
of very intriguing lines of investigation- 
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It should be mentioned that considerable further enhancement may 
be achieved by rotations or oblique transformations on the space defined 
by factors 2, 3, and , perhaps, A. This has not been investigated. Also 
the physical appearance and contrast in the alphanumeric maps depends 
critically on what ranges of weight values are assigned the blank char- 
acter and the other symbols available. For example, the red-bed area 
in the factor 3 map might be enhanced by assigning blanks to all other 
ranges except those appearing In the red-bed area, and then subdividing 
the range of values in the red-bed area Into finer subdivisions with 
various symbols assigned to each subdivision. This should produce a dis- 
play of fine structure in that area. 

Another interesting possibility is the introduction of the Q-mode 
factor vectors, as determined by the computer, into the video display 
system where various rotations of the space spanned by factors 2 and 3 
could be studied Interactively by dial manipulations. 


The Q-Mode Computer Algorithm . The full mathematical development 
and basis for the new Q.-mode computational algorithm is given in Appendix 
B. A few brief details of the method will be presented here. 

Basically the method is based on: 

(1) the formation of the new matrix 2^ which will be n x n In 
size Inste'jd of N x N as is the cosine matrix. 

(2) the eigenvectors and eigenvalues of can be shov;n to coin- 

cide with the Fj and Aj determined from the classical d-mode procedures 
presented earlier. 
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Although the method is surprisingly simple and based on relations 
following from known theorems in theoretical algebra, a survey of Q.“ 
mode studies over the past decade did not uncover any use of this basic 
idea. Instead, the Q.-mode procedure was restricted, in every case, to 
data sets leading to cosine matrices capable of being handled by the 
available computer facilities. Thus, it is concluded that the procedure 
represents a significant advance in making d-^mode analysis more useful 
for geologic studies. 

COST BENEFIT ESTIMATES 

Accurate cost/benefit analyses cannot be made for most applications 
of the Sky lab data to natural resource studies because most of the benefits 
are not immediately realized. General geologic mapping, tectonic studies, 
and mineral exploration may eventually lead to the discovery of mineral 
deposits. Likewise, sound planning for resource development may save 
millions of dolU:r'^j worth of resources that might otherwise be wasted or 
minimize damage to the environment. Such benefits v^ill only be realized 
over a period of many years and are largely dependent upon continued use 
of the Skylab data by industry, governmental agencies, and the public. 

Nevertheless, some rough cost/benefit estimates can be made for gen- 
eral mapping projects by estimating the improvement in mapping efficiency 
resulting, from the use of the Skylab photography. Unfortunately, even 
these estimates consider only the immediate benefit resulting from in- 
creased speed and accuracy of the mapping program. The estimates do not 

i 

provide a measure of the long-term benefits or those benefits resulting i 

1 

from the applications that could not be accomplished without the synoptic 

9 

view provided from the satellite. ^ 
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One of the best cost/benefit estimates available from the Wyoming 
investigation is provided by the Powder River Basin mapping project 
which Is schedf’.ed to produce three different topical maps (land-forms, 
land-use, and vegetation) of an eight-county area of Wyoming within a 
two-year period. The project uses Skylab photography as a prime mapping 
base supplemented by interpretation of 1:120,000 scale aerial photography, 
field checks, and available published data. The maps will be compiled at 
1:100,000 scale and reduced to 1:250,000 scale for final publication. 

Total cost of the project will be approximately $100,000. 

Estimates of the time and funding required to compile similar maps 
through standard field-mapping procedures range on the order of six to 
eight years (with the same level of effort) and would cost almost five 
times as much. If the field investigation were supplemented only by high- 
altitude aerial photography, the project would still require almost four 
years for completion and twice the expenditure. In either case the satel- 
lite data allows for a substantial cost-saving, but even more critical is 
the time factor. The information being compiled in the Povi/der River Basin 
mapping project is essential to planning efforts and impact studies which 
must precede the development of energy resources In the area. Already, 
a massive effort has been launched by government and industry to tap these 
resources. Each day saved in the regulation and planning of this develop- 
ment represent^ an enormous cost saving and brings us closer to the na- 
tional goal of energy independence. Each contribution to a better develop- 
ment plan makes us better able to achieve this goal without unnecessarily i 

A 

sacrificing environmental quality. i 

I 
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SUMMARY OF SIGNIFICANT RESULTS 

The three manned Skylab missions provided excellent photographic 
coverage and some S-192 scanner data over the Wyoming test site. High- 
altitude aerial photography was also obtained over selected areas for 
correlation with the Skylab data. 

The Skylab photography was proven effective in several earth re- 
sources applications, including general geologic mapping, structural and 
tectonic analyses, geomorphology, geohydrology, land-use and vegetation 
mapping, and mineral exploration. Image resolution is only one of the 
factors governing the utility of the satellite data. Other controlling 
factors are imaging geometry, scene illumination and contrast. In some 
applications the variations in imaging geometry and orbit cycling of the 
Skylab space station is detrimental to the imagery because the images 
cannot be readily compared, but in other applications, special effectSj 
such as low-angle Illumination, oblique viewing aspect, and variations in 
sun azimuth can be used to advantage. Similarly, changes in vegetation 
cover, soil moisture, and topography are usually difficult to deal with 
in the interpretation; but they, too, can be used to advantage if they 
are Interpreted as indirect indicators of the condition of the earth’s 
surface. 

Comparisons of the different S-I 90 photographs reveals a direct re- 
lationship between image resolution and the amount of interpretive infor- 
mation that can be derived from it. Also, the information content of 
the photography increases noticeably with color or false-color presenta- 
tion and with a stereoscopic view. 


Comparison of Skylab photography with LAHDSAT imagery and aerial 
photography in both land--use and geologic applications shows that the 
information detail Increases progressively from LANDSAT imagery, Skylab 
photography, to aerial photography, but so does the time required for 
Interpretation, in both geologic and land^use applications the Skylab 
S-I 9 OB photography provided sufficient detail for mapping at a scale 
suitable for regional planning (1:62,500 or 1:100,000). The Skylab 
photography also retains much of the synoptic view essential to regional 
resource studies- Aerial photography provides additional detail but lacks 
the synoptic overview and Is more expensive to obtain and interpret. 

LANDSAT Imagery is adequate for reconnaissance mapping (1:250,000 or 
smaller, but lacks the necessary resolution for some sensors- 

In all, the most efficient mapping approach found, was to use the 
LANDSAT data for regional reconna I ssance, then use the Skylab photography 
for compiling the regional 1 nterpretat ion , and, finally, to supplement 
this with essential detail from aerial photography and f leld^checks. 

The relatively small amount of Skylab S'-192 scanner data available 
provided some very important information regarding the relative utility of 
different spectral bands. The most significant results of our evaluation 
of the S“lg2 dataware the implementation of the more efficient procedures 
for Q,-mode Factor analysis and the determination that near infrared bands, 
most of which lie beyond the spectral sensitivity of the LANDSAT scanner 
and beyond the photographic range, provide more data for rock discrimination 
than any of the bands in the visible range. 
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In brief, our evaluations of the Skylab data and other earth re- 
sources satellite systems Indicate that none of those presently avail* 
able are optimum for geologic work. LANDSAT provides repetitive and 
world-wide coverage but lacks stereoscopic presentation and provides the 
wrong spectral bands. Skylab S-190 photography demonstrates the advan- 
tages of high spatial resolution but lacks good spectra^ resolution and 
complete coverage. The Skylab S-192 data hint of better combinations of 
spectral bands, but lack resolution and have extremely limited coverage. 

But, together, these three systems provide the background necessary to 
define the critical parameters for a dedicated geology satellite and for 
other dedicated earth resources satellites. 

Our experience (vjhich is largely limited to arid and semi-arid 
regions) suggests that dedicated satellite for geology, soils, and geo- 
hydrology should have the following parameters: 

1. Image resolution capability In the range of 10*30 meters. 

2. Stereoscop i c Image presentation . 

3. Spectral resolution in the visible, near infrared, and thermal 
infrared bands (six bands may be adequate i-F they are selected 
carefully to bracket important mineral absorption maxima). 
Repetitive coverage four to six times per year. 

5- Synoptic image presentation (50-100 miles square). 

Similarly, It might be argued that a better sensing system for vege- 
tat ion mapping and land-use planning could be designed. Our \^fcrk indicates 
that the visible and near infrared bands provided by LANDSAT and Skylab 
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are generally adequate but that higher resolution (< 10 meters) and stereo- 
scopic presentation are needed. For monitoring vegetation and land-use 
changes, a relative rapid {os] wk.) imaging repetition rate is needed. 

The synoptic view is not essential to these application^ but availability 
of the data in digital form is very important, because it allows for auto- 
mated identification of change and map updating. 

The EREP experiments have indicated a great potential for the use 
of satellite systems management and development of earth resources systems. 
However, these results probably represent only a very small portion of the 
value that will eventually be realized from the earth resources satellite 
programs and from the EREP data. Many of the data applications tested 
briefly in these experiments are only minor in their significance compared 
to some of the operational use of the data that will undoubtedly follow. 
Other applications that have not yet been considered v/i 1 1 undoubtedly 
grow out of the efforts to use the EREP data. 
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APPENDIX A 

Field notes that evaluate boundaries between rock-vegetation units as 

displayed on Skylab S-190A green band and red band photographs. For 

locations see plates 10 and IK 

Green Band 

1. Triassic red beds can be distinguished at this locality by dark tone. 

2. Cretaceous Cloverly, Thermopolis, Mowry, and Frontier Formations cannot 
be distinguished — all rock units fall into one remote sensing unit 
that cannot be distinguished in other areas. 

3 . Boundaries of pediment surface poorly shown — better map of surface 
than pediment gravel ^ rock-vegetation unit. 

4. Approximate base of Mesaverde Formation - rock-vegetation unit — 
characteristic vegetation on basal sandstone of Mesaverde Formation. 

5 . Oxidized sandstone in Fort Union Formation can be d i s tl^ngu i shed on 
photograph, but unit does not correspond to standard geologic formation 
or member. This type of unit can be traced over large areas and is 
useful in delineating structure. 

6. Distribution of pediment surfaces shown in general, but contacts v^ith 
other rock units not well shown. 

7 . Poor detail of contacts for large pediment surface. 

8. Geological detail poor but key reversal can be mapped in stereo. 

9 . Good display of the contact between the Bighorn Dolomite and Gallatin 
Formation. 

10. Very poor display of geologic units as compared with other bands. 

11. Major faults and folds can be mapped in stereo but very poor detail. 
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Red Band 

1. Triassic red beds and alluvium are accurately mapped in this area. 

2* Remote sensing unit includes Cretaceous Cloverly, Thermopolls, and Mowry 
Formations. Base of Frontier Formation can be traced* 

3* Outline of pediment surface that can be detected only on this band. 

4. Basal contact of Mesaverde Formation cannot be detected. 

5* Oxidised sandstone in Fort Union Formation can be detected and used 
as a marker bed in mapping* 

6. Surface present but detail poor - mix-up of terrace and pediment and 
failure to distinguish bare rock within surface area. 

7* Best mapping of pediment surfaces, but map does not correspond to 

geologic map because geologist maps prediment gravel on surface rather 
than surface proper. The surface is expressed by higher biomass. 

8* Extent of pediment surface and alluvium exaggerated, but adequate for 
reconnaissance map* 

9. Accurate map of pediment surface* Contacts shown more accurately 
than on geologic maps at 1/250,000* 

10. Accurate map of pediment surface. 

n* Lines approximate contacts with rock units, but dips are too low for 
accurate structural study* 

12* Poor pick of geologic contacts* 

13* Contacts between red beds and other units generally well located, 
alluvium well mapped* 

14. Gross structure shown, but very poor detail* 

15» Best pick of base of Cambrian with the exception of S-I 90 B* 
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APPENDIX B FACTOR ANALYSIS FOR LARGE DATA SETS 

In conventional, principle-component (factor) analysis (these two terms 
will be used interchangeably in the following), the standard analysis proceeds 
by first determining the eigenvalues and eigenvectors for the correlation 
matrix (in R-mode) or the cosine matrix (in Q,-mode) . This procedure is quite 
satisfactory if the rank of the matrix involved is not too large for computer 
manipulation. However, cases arise in applications where the data array is 
very large. 

Consider, for example, the problems which Involve reflectance data from 
the Skylab S-192 mul tispectral scanner. Thirteen channels of information 
pertaining to various radiation frequencies and resrlutions are available 
for 106,000 locations in a "small" test region in the Big Horn Basin of Wyo- 
ming. R-mode factor analysis produces a 13 x 13 correlation matrix which 
can be handled easily. However, for subjective, geological reasons, the Q- 
m'ode factor^ ana 1 ys is seems more appropriate; since it looks at site-by-site 
comparisons rather than variable-by-variable comparisons. However, the 
dimensions of the cosine matrix would be (I06,OOC) x (106,000). Just to 
store it would require over 11,200,000k memory. Thus, the standard, straight- 
forward procedure is untenable for the S-ig2 data. 

However, indirect procedures are available, based on a variation of a 
procedure suggested by Klovan and Imbrie (1971) which make Q.-mode easy to 
execute in the above case. The indirect procedures are based on inter- 
relationships between R- and Q.-nrode factor analysis which enable Q-mode 
analysis to be done in the same manner as a sort of R-mode analysis. 
Analogously, R-mode analysis could be done with a type of Q-mode format 
if that technique provided some advantages in a particular case. 


150 


V '■.M rff • 



.XWt *'l g!Ut.W fWP 




Summary of Factor Analysis Procedur e 

Let D be the matrix of data, consisting of n rows (variables) and N 
columns (locations). Conventionally, D is modified to produce a normed 
data matrix, Zj, before factor analysis proceeds. In R-mode, the rows of 
D are made to have mean zero and unit variance by the equations 


S, = djj 


N j = l 


H 




( 1 ) 

( 2 ) 


Zjj = (djj - d,)/( N S.) 


( 3 ) 


where 


djj = (i-row, j -column) element of D. 


Conversely, in Q-mode, the columns of D are adjusted to unit length. 

(length col, J) = (Z 


i = l 


Zjj = dj j/(length col . j) 


( 5 ) 


In either mode, a basic normed matrix, Zj, is produced which is the basis 
for further analysis. 

The correlation matrix, R, would be given by ZZ ' (using Z from the R- 
mode norming) while the cosine matrix, C, would result from the matrix 
multiplication Z'Z (based on Z from the Q.'mode norming). The eigenvectors 
and eigenvalues for ZZ' (R-mode) and Z'Z (Q-mode) provide the starting point 
for the factor analysis. In both cases, an approximation for Z of the form 


K 


r. ' ' > ^ ^ 1 / 9 ' ^ 

Z = Z JX^. F|.W. = 
k=l 


1/2?-, 


( 6 ) 


1/2 


where L is a diagonal matrix with the square root of the eigenvalues down 


the main diagonal and zeros elsewhere, Ft^ and Wi, is the k-th row of W. Also, 
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the columns of F are of unit length and are orthogonal to each other. 
Similarly, the rows of lIJ are of unit length and orthogonal to each other. 
In order to be useful, K should be small. In any case, K < minimum (n,N). 

In the R-mode analysis, the columns of F are the eigenvectors of ZZ ' 
and ?J is determined from 


• 1 / 2 ^, 


( 7 ) 


In the Q.-mode procedures, the rows of 5/ are the transposed eigenvectors of 
Z'Z and F is developed from 

? = ( 8 ) 

* ^ ^ 

In both cases, the eigenvectors (columns of F for R-mode and rows of W for 

Q.“mode) are ordered according to the magnitudes of the eigenvalues > ^2 

X[^. In most practical cases, the A- will be distinct. If there are some 

multiple eigenvalues, the corresponding generalized eigenvectors are taken to 

be an orthogonal basis for that eigenspace by standard procedures. (Friedman, 


General ized R- and Cj-mode Analysis 

For a given method of norming D to obtain Z, define generalized R-mode 
analysis as the techniques proceeding from the eigenvectors and eigenvalues 
of Z2‘ and generalized 0,-mode analysis as the procedures starting with the 
eigenvectors and eigenvalues of Z‘Z. This differs from the preceeding de- 
finitions in that R-mode analysis is not necessarily done on a correlation 
matrix, nor does Q.-mode analysis necessarily start with the cosine matrix. 
For any system of norming, there, will be both a generalized R-mode (based on 
^ = ZZ‘) and a generalized Q-mode (based on C = Z'Z) procedure. 

interrelations between generalized R- and Q.-mode analysis: The eigen- 
vectors and eigenvalues of ZZ' (a nxn matrix) and of Z'Z (a NxN matrix) 
are Interrelated. 
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Theorem: 


'\j ^ 

Let Z be a nxN matrix. (1) The matrices R = ZZ' and C = Z‘Z have 

the same eigenvalues except that the product which is of larger order has 

'V 

jN-nj extra zero eigenvalues. (2) Let A be a non-zero eigenvalue for R with 

eigenvector Then Z'u_ will be an eigenvector for C corresponding to X. 

■v 

(3) Similarly, let A be a non-zero eigenvalue for C with eigenvector 
Then Z^will be an eigenvector for R corresponding to A. 

Source : The above relation in one form or another is stated in various books 

on linear algebra (Noble, 1969; Hammerl ing , 1970; and Chow, 197^) • 

Proof : By definition, ZZ'j£= Au, Hence Z‘Z (Z'u) = A(Z'j£) upon right- 

multiplication by Z‘. Consequently, ^ - Z'j£ is an eigenvector of Z'Z with 
eigenvalue A. Conversely, Z'Z^= A^ implies ZZ* (Zv = A(Z^) and so Z^ is an 
eigenvector of ZZ* with engenvaiue A. This proves (2) and (3). It remains 
to show that the non-zero eigenvalue A common to ZZ* and Z'Z has the same 
multiplicity in the two cases. That is, the eigenspace for A in both cases is 
of the same dimension. The procedure followed is that suggested by Noble (1969) • 

'V 

Let R and S have r and s eigenvectors, respectively, corresponding to A 0. 

Let (i£| , be the r-eigenvectors orthogonally spanning the eigen- 

space of A relative to R. (i£^ , , . . , are linearly independent and so there 

is no («] , zero, such that “i— i ” 

r ' ^ 

R Z '-ju. = 1 Z «jZ'u. = A2 «.u. 

1-1 1=1 ' i=i 

'Vi 

It fellows that Z'j^j, each an eigenvector for C by previous argument, are all 

linearly independent. if they were not, there would exist (“:| , “f) , 

r 

not all zero, such that i;._| ®=jZ'^j = 0. But then, by the above equation, the 

r r 

AE._| = 0. Since A 0, it would follow that Ej_j °-j^j = 0, which 
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contradicts the assumed linear independence of the j£. , Thus, there are at 

least r linearly Independent eigenvectors In the eigenspace for X relative to 

a 

C; and the dimension, s, of the eigenspace must be greater than or equal to r* 
Exactly reversing the argument, with {^j , . . . , linearly Independent 

eigenvectors for C within the eigenspace corresponding to A, shows that r > s* 
Hence r - s and the same number of linearly independent eigenvectors cor“ 
respond to the non-zero eigenvalue for R and C, The eigenspace for X is of 
the same dimension for R and C. 

Appl ication of the interrelation; The application is straightforward. 

If in Q.-mode analysis, n (the number of variables) is moderate in size while 
N (the number of locations) is too large for convenient computation, then 
the eigenvalues, X., and eigenvectors, , for R (an nxn matrix) are computed 
after obtaining Z by Q.~mode norming. The Z'^. would be exactly the eigen- 
vectors for C that would have been produced If the analysis could have been 
carried out with C, In terms of the factor notation in eqs. (6) and (8), 

Of 

;uj would provide the columns of F, Thus, all the essential elements of Q- 
mode are obtainable from the corresponding generalized R-mode matrix, R. 

If the vector of attributes had many components (i.e., n very large), 
while the number of locations, N, was relatively small, the procedure may be 
reversed. In this case R-mode type norming is carried out to get Z and the 
correlation matrix R = ZZ' is of very large order while the generalized cosine 

matrix, C, is of moderate order. The eigenvectors (^-j , v ,..., ^) and eigen- 

% 

values ( Xj , \ 2 > • • - , Xj^) for C may be modified to provide the eigenvectors 

ili = zv i • 
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Plate 7 


Possible Selenium-rich Shingle Series Soils 
and Sandstone Outcrops of the 
Wasatch Formation, Campbell County, Wyoming, 
Interpreted from Skylab Photography/ 


KENNETH E. KOLM 
1975 


Compiled on Geologic Base(Geologtcal Survey of Wyoming, 1936) from In- 
terpretations of S190A and S190B Photography(Track 59, Pass 28, 
September 13, 1973) and S 190 A PhotographyfTrack 5, Pass 1.0, June 13, 
1973), 
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Note : The original aerial photograph (1:120,000 scale; 
NASA/AMES Flight 72-135, August 9, 1972) 
was enlarged to 1:62,500 scale for interpreta- 
tion (see Figure 8). The map shown in Figure 8 
is the combined result of field cheeks and in- 
terpretation of Flight 72-135 photography and 
of similar photography flown June 20, 1973 
(NASA/J3C Mission 239). 
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Note ; The original color photograph (track 5, 
pass 28, frame 21, September 13, 
1973) was eniarged to 1:62,500 scale 
for interpretation (see Figure 7). 
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Note: The original composite (image 1353-17183, July 11, 
1973) was constructed from the four LANDSAT 
multispeqtral scanner bands (band 4 = yellow, band 
5 = red, bands 6 and 7 = Cyan) using the diazo tech- 
nique. The diazo composite was enlarged to 
1:62,500 scale for interpretation (see Figure 6). 
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Note : Land-use data was interpreted from 1:120,000 scale 
aerial photographs (NASA/AMES Flight 72-135, 
NASA/JSC mission 239) using o Kern PG-2 Stereo- 
plotter. The Interpretation was field checked in June 
and July, 1975, Map compiled on land grid taken from 
U.S. Geological Survey 15-minute topographic quad- 
rangle map, Moorcroft, Wyoming (1957). 
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Note : Land-use data interpreted from Skylab 

S-130B photography, (track 59, pass 28, 
frame 21) enlarged to 1:62,500 scale, 

Map Compiled on land grid taken from U.S. 
Geological Survey 15 -minute topographic 
quadrangle map, Moorcroft, Wyoming 
(1957). 
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Note - Land-use data interpreted from diozo color 
composite imoge 1353-17(83 fll July, 1973) 
enlarged to 1=62,500 scale. Mop compiled 
on land grid taken from U.S. Geological 
Survey 15-minute topographic quadrangle 
mop, fy^oorcroft, Wyoming (1957). 
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